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^mperex  has  redesigned  the  279-A 
and  251*A.  Their  structures  have  been 
simplified  and  their  element  anchored 
with  greater  rigidity. 


The  merit  of  these  two  excellent 
tubes  is  further  enhanced  by  the  in¬ 
corporation  in  their  design  of  graphite 
anodes: 
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Crosstalk 


►  J.  .  .  .  On  the  mnrninK  of  July  21, 
J.  C.  Warner,  vice-president  of  RCA 
Manufacturing  Co.,  in  charge  of  the 
Harrison,  N.  J.  Radiotron  plant,  died  on 
his  way  to  work.  At  the  moment  of 
writing  this  note,  it  is  uncertain  whether 
Mr.  Warner  suffered  a  heart  attack,  or 
was  forced  off  the  road  in  his  automo¬ 
bile.  Known  to  many  as  “J.  C.”  and  to 
many  as  “Jack”,  Mr.  Warner  was  one 
of  the  radio  industry’s  best  and  most 
favorably  known  young  men.  Coming 
to  Radiotron  from  W.  C.  White’s  group 
at  Schenectady  he  brought  to  his  ex¬ 
ecutive  position  a  vitality  that  was 
youthful  and  vigorous,  an  experience  in 
engineering  and  manufacturing  that 
was  mature  and  solid,  and  above  all,  a 
friendly  spirit  that  makes  his  loss  great, 
not  only  to  his  associates  at  Harrison 
but  to  those  of  us  on  the  outside  who 
liktMl  him  so  much. 


►old  STCFF  .  .  .  I’hilco  has  conduct¬ 
ed  a  nation-wide  survey  of  electrified 
farms  to  determine  the  farm  market  for 
radio  sets.  200,000  farms  w'ere  sur¬ 
veyed.  to  discover  that  98.7  percent  of 
such  farms  had  one  or  more  radio  re¬ 
ceivers.  But  of  these,  almost  one  third 
were  over  six  years  old.  More  than 
half  were  over  .3  years  old. 


►  H ALLl'CINATIONS  ...  We  are 
sorry  to  .say  that  if  we  are  to  believe 
at  least  one  reader  of  Electronics  Ein¬ 
stein  is  not  only  “suffering  from  hallu¬ 
cinations  but  is  crazy  on  mathematics.” 
Furthermore,  Dr.  W’.  B.  Cartmel  of  the 
University  of  Montreal,  according  to 
newspapers,  has  not  fallen  for  the 
Einstein-Ives  business  (see  Electronics 
une).  Dr.  Cartmel  and  Dr.  Einstein 
use  non-Euclidian  mathematics  but  one 
eheves  that  space  at  infinity  becomes 
uclidian  and  the  other  thinks  space 


at  infinity  becomes  non-Euclidian.  Our 
rea<ler  feels  that  the  editors  should  be 
more  careful  in  making  statements  of 
the  character  of  the  Ives  material  pub¬ 
lished  in  June  because  we  are  dealing 
“with  a  very  confused  subject.”  This 
reader  sends  us  many  pages  of  refuta¬ 
tion  of  the  Einstein  relativity,  the 
Lorentz  contraction  theory  etc.,  which 
we  have  not  read.  One  of  the  stock 
arguments  of  relativity  is  that  a  clock 
on  a  fast  train,  for  example,  runs  slow 
and  therefore  that  the  train  would  go 
farther  in  unit  time.  But,  this  reader 
states,  this  is  the  bunk  because  the 
train  will  go  a  long  mile  in  an  equally 


An  early  neon-filled,  potassium  hy¬ 
dride  Kuns  cell  (photograph  from 
Samuel  Wein).  Construction  pre¬ 
vented  current  leakage  across  the 
glass  seal 


long  second  and  therefore  the  velocity 
is  the  same. 

It  is  a  confusing  subject  and  some 
day  we  are  going  to  try  to  read  both 
Einstein  and  this  critic  of  Electronics 
who  thinks  there  is  a  lot  of  bum  reason¬ 
ing  on  the  part  of  mathematicians  and 
physicists. 


►  Kl’NZ  .  .  .  Professor  Jakob  Kunz 
of  the  University  of  Illinois  died  on  July 
18.  Known  as  the  “father  of  the  electric 
eye”  he  was,  for  many  years,  almost 
the  only  producer  of  photoelectric  cells. 
The  literature  is  replete  with  references 
to  his  work  which  began  at  an  early  date 
and  which  continued  to  his  death.  The 
patent  (U.  S.  No.  1,.381,474)  which  de¬ 
scribed  methods  of  degassing  elements 
and  glass  walls  of  tubes  by  means  of 
eddy  currents  and  which  also  described 
the  methods  of  distilling  alkali  metals 
onto  the  inner  surface  of  the  tube  was 
sold  by  him  to  the  General  Electric 
company. 

►  HELP  WANTED  .  .  .  Educational 
Broadcasting,  Lakewood,  Ohio,  has  been 
sending  us  postcards  with  questions  on 
them.  For  example  on  June  20  came 
a  card  with  this  question,  to  which  the 
answer  is  “no”.  “  Do  you  supply  white 
robes  of  purity  for  radio  artists  and  an¬ 
nouncers  to  wear  while  broadcasting 
purse  cathartics  for  tricky  advertis¬ 
ers?”  Some  of  the  questions  asked  by 
this  group,  however,  have  not  been 
answered  by  us,  and  that  is  not  good 
service. 

Another  reader  thanks  us  for  defin¬ 
ing  “perveance”  (page  60,  June,)  and 
asks  us  to  continue  the  good  work  by 
defining  the  crime  of  “contumacy”  of 
which  Dr.  Arthur  Morgan  was  accused. 
We  don’t  go  in  for  these  non-technical 
problems  much,  but  if  anyone  has  a 
good  definition,  we  shall  pass  it  along. 
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Features: 

Small  size.  Bakelite  case  is  t%" 
in.  diameter  x  9/16"  deep. 
Available  in  values  from  2  to 
10,0000  ohms. 

Insulated  construction — no  wash¬ 
ers  required  in  mounting.  Regular 
Radiohm  switch  covers  can  be  at¬ 
tached. 

Dissipates  up  to  4  watts  withe  ut 
damage  or  change. 

Universal  shaft  for  all  replacement 
work. 

Close  tolerance  —  ±5%. 

CHIEF  APPLICATIONS: 

1.  Instruments 

2.  In  radio  receivers  where 
very  heavy  bleeder  current 
passes  through  unit  in  cath¬ 
ode  and  screen  circuits. 

3.  Filament  control. 

4.  Hum  control. 

In  linear  curve  only 


ANSWER 

DEFINITE  DEMAND 

"Build  us  a  wire  wound  resistor  that's  as 
good  as  your  other  products"  .  •  .  they 
asked  us  time  and  again.  And  so  we  "gave 
in",  with  the  result  that  where  circuit  re¬ 
quirements  call  for  "wire  wound",  service 
men  have  been  using  the  new  Centralab 
Wire  Wound  Radiohm  with  remarkable 
success. 

Available  at  your  jobber  ...  in  dimen¬ 
sions  identical  with  the  Standard  Radiohm. 

Be  sure  to  specify  Centralab. 


CENTRALAB^ 

RADIOHM  i 

CENTRALAB:  Div.  of  Globe  Union  Inc.,  Milwaukee 


What’s  New  in  Radio  Sets 


(  irciiit  ainl  iiiechaiiiral  features  of  re<‘eivers  now  heinj:  shown  to  the  tratle  for  sale  this  fall 
ainl  diiriii*;:  193M.  Kveii  low-prieeil  sets  have  |)hono^raphs  and  push  hntton  tiinin":  new 
>tahili/ed  eoinponents  make  AF(’  less  neeessary 


Annually  the  radio  set  manu¬ 
facturers  display  to  distributors 
durintr  the  summer  their  new  wares; 
annually  these  sets  ^et  to  the  dealers’ 
floors  and,  durinjr  the  following  sea¬ 
son,  several  millions  of  them  are 
moved  into  the  homes  of  listeners. 
•Annually,  too,  the  editors  of  Khr- 
trouics  approach  these  .set  manufac¬ 
turers  for  details  of  the  new  techni¬ 
cal  and  mechanical  features;  and,  as 
usual,  very  few  of  the  set  manufac¬ 
turers  bother  to  deliver  many  of 
these  details.  The  followinj?  story, 
therefore,  is  made  of  what  informa¬ 
tion  the  few  manufacturers  have  re¬ 
vealed  plus  what  data  can  he  picked 
up  here  and  there  from  unofficial 
sources  of  information. 

Kven  a  casual  perusal  of  the  dealer 
helps  and  other  jjeneral  information 
supplied  by  the  manufacturers  dis¬ 
closes  a  remarkable  swinj?  toward 
push  button  receivers.  “Lazy”  tun¬ 
ing'  now  finds  its  way  into  the  sim¬ 
plest  and  least  expensive  of  the  new 
receivers.  Recent  development  of  a 
new  line  of  tubes  operating?  on  1.4 
volts  has  enlivened  the  battery  set 
bus  iness.  These  tubes,  operating 
from  the  1.5  volt  dry  cell  will  prob¬ 
ably  attract  considerable  attention 
on  the  rural  and  portable  radio  mar¬ 
kets.  The  increase  in  combination 
radio  and  phonofrraph  models  is  strik¬ 
ing  and  encouraffinfr. 

In  the  following  de.scription  of  cer¬ 
tain  of  the  new  lines,  no  attention 
should  be  paid  to  the  order  of  ap¬ 
pearance  as  it  does  not  imply  that 
the  first  mentioned  products  are  more 
meritorious  or  interesting  than  tho.se 
discusstnl  later,  but  only  that  this 
happtMis  to  be  the  order  in  which  the 
material  was  received. 

Offerings  by  General  Electric 

Engineering  developments  de¬ 
signed  to  remove  both  human  and 


Beamaacope  oi  G.E.  with  cut-away 
portion  showing  location  in  cabinet 


mt*chanical  obstacles  to  better  recep¬ 
tion  of  broadcast  programs,  are  the 
distinguishing  mark  of  the  G.E.  line 
of  radio  receivers  for  1939. 

On  the  human  side,  a  development 
characterized  as  “time-tuning,”  mak¬ 
ing  it  possible  to  pre.select  any  one  of 
five  stations  for  any  15-minute  period 
over  a  full  24-hour  span,  tends  to 
make  ability  to  read  newspaper  pro¬ 
gram  schedules  the  sole  qualification 
for  any  one  who  wants  perfectly 
tuned  broadcast  reception.  Once  the 
day’s  and  night’s  programs  have  been 
chosen  and  .set  up  in  advance,  it  is 
not  necessary  to  go  near  the  receiver. 
It  will  turn  on  and  off,  change  sta- 
tion.s,  and  perform  manual  functions, 
automatically. 

The  pre.selector  u.st*d  in  a  few  of 
the  new  G.E.  models  was  w'orked  out 
cooperatively  by  the  radio  engineers 
at  G.E.  and  the  engineering  depart¬ 
ment  of  the  Warren  Telechron  Com¬ 
pany.  While  a  full  description  of 
this  interesting  device  will  be  found 
in  a  later  issue  of  Electronics,  the 


following  data  will  suffiice  to  de.scribe 
it  now.  There  are  96  sliders 
arranged  for  each  15  minute  period 
of  a  24-hour  day.  They  are  in  two 
horizontal  rows  corresponding  to 
AM  and  PM.  Each  .slider  may  be  set 
to  one  of  7  positions,  corresponding 
to  5  different  stations,  “OFF”  and 
“NEUTRAL.”  Inactive  sliders  are 
in  the  “neutral”  position. 

The  clock  contacts  are  plugged  into 
the  station  key  as.sembly  and,  there¬ 
fore,  the  pre-timer  clock  simply 
amounts  to  another  push  button  as¬ 
.sembly  in  parallel  to  station  keys. 
The  pre-timer  clock  has  a  dis-abling 
switch  which  prevents  the  clock  from 
operating  the  tuning  motor.  This 
switch  is  used  whenever  clock  opera¬ 
tion  is  not  desired.  The  pre-timer 
clock  is  arranged  so  that  contacts  are 
closed  for  only  7  .seconds.  This  means 
that  motor  must  complete  tuning 
operation  in  less  than  7  seconds.  The 
normal  time  required  for  pointer  to 
travel  full  length  of  dial  scale  is  3' 
seconds. 

Since  the  clock  contacts  are  in  par¬ 
allel  to  pu.sh  button  key  a.ssembly,  the 
clock  will  always  take  over  the  opera¬ 
tion  of  the  rec'eiver  unless  disabling 
switch  is  operated.  Should  a  station 
key  be  depre.ssed  while  clock  is  tun¬ 
ing  the  motor,  nothing  serious  will 
happen.  The  contact  that  is  depressed 
the  longest  will  actually  tune  in  the 
station.  If  the  two  contacts  which 
are  depres.sed  fall  on  opposite  sides 
of  the  commutator,  then  the  motor 
will  stall  until  one  or  the  other  con¬ 
tacts  are  released.  If  both  contacts 
are  effective  for  five  minute.s,  the 
motor  will  overheat.  This  is  one 
reason  why  clock  contact  is  not  effect¬ 
ive  for  a  period  longer  than  seven 
seconds. 

Of  greater  interest  to  radio  engi¬ 
neers,  how’ever,  is  the  “beamascope,” 
a  built-in  shielded  loop  antenna  that 


eliminates  the  nuisance  of  outside  an¬ 
tenna  and  jrround  connections.  Models 
equipped  with  the  beamascope  may 
be  moved  about  a  room  or  home  at 
will  and  plujrtred  into  a  socket  in  the 
same  manner  as  a  floor  lamp.  The 
loop  reduces  local  noise  interference. 
The  electrostatic  shield  used  consists 
of  a  weave  of  wires  and  fabric.  The 
wires  running  up  and  down  are  in¬ 
sulated  from  each  other  by  the  fabric 
weave  except  at  the  top  end  where  all 
the  wires  are  soldered  to  the  top 
plate.  The  bottom  contains  a  shield 
plate  exactly  like  that  used  at  the 
top  except  that  only  one  wire  con¬ 
nects  to  the  bottom  shield.  A  high-Q 
coil  is  mounted  within  the  electrosta¬ 
tic  screen  and  the  connections  for 
this  coil  are  brought  out  through  the 
top  with  the  high  potential  connec¬ 
tion  at  the  center  so  as  to  reduce  the 
capacity  effects  of  shield  to  coil  to  a 
minimum. 

Where  local  interference  noise  is 
encountered,  the  beamascope  is  able 
to  improve  the  reception  obtained. 
This  is  accomplished  by  rotating  the 
beamascope  so  as  to  balance  out  the 
electro-magnetic  field  of  the  noise 
sources.  The  electrostatic  field  of 
the  noise  source  is  avoided  due  to  the 
shielding  employed.  The  electrostatic 
shield  does  not  interfere  with  the 
signal  pickup  as  the  latter  works  en¬ 
tirely  on  electro-magnetic  component. 
Most  noise  signals  originate  close  to 
the  receiver  as  compared  to  the  sta¬ 
tion  signals.  Close  to  any  signal 
source  the  electrostatic  component  is 
stronger  than  the  electro-magnetic 
and  therefore  the  shield  is  important 
in  reducing  the  noise  to  a  minimum. 
A  more  adequate  description  of  this 
loop  will  be  published  in  Electronics 
soon. 

Several  interesting  circuit,  rather 
than  mechanical,  features  are  to  be 
found  in  the  new  G.E.  line.  For 
example  the  figure  indicates  the  i-f 
amplifier  of  the  RG-61,  66  showing 
the  band  expansion  and  neutralizing 


Button  tuning  mechanism  used  in  the  1939  line  of  Colonial  radio 


Bond  expander  ond  neutralising 
circuit  found  in  G.E.  sets 


circuits.  Band  expansion  is  automa¬ 
tically  provided  in  the  push-button 
positions  to  minimize  the  effects  of 
oscillator  drift  and  improve  the  fidel¬ 
ity  of  selected  stations. 

Neutralization  of  the  amplifier  is 
found  desirable  to  provide  symmetri¬ 
cal  band  expansion  when  alignment 
is  performed  in  the  sharp  position. 
Essentially  this  comprises  returning 
the  trimmer  of  the  first  i-f  trans¬ 
former  to  cathode  and  inserting  the 
neutralization  inductance,  Ln,  be¬ 
tween  cathode  and  ground.  This  in¬ 
ductance  is  quite  small  and  consistsi 
of  about  18  in.  of  rubber-covered  con¬ 
nection  wire  hand-wound  in  a  small 
bundle.  The  resulting  circuit  pro¬ 
duces  a  network  effecting  substan¬ 
tially  zero  transfer  of  i-f  plate  poten¬ 
tial  to  the  grid  circuit. 

Audio  Cotnpensatioyi 

The  audio  degeneration  and  com- 
pen.sation  circuit  is  also  shown.  The 
degenerating  voltage  is  fed  from  the 
voice  coil  into  the  low  end  of  the 
volume  control  providing  a  degree 
of  degeneration  which  varies  with 
the  position  of  the  volume  control 
slider;  thus  in  the  normal  working 
range  of  the  control,  the  degeneration 
is  large  (of  the  order  of  ten  to  one) 
in  order  to  provide  low  hum  and  low 
audio  harmonic  distortion  as  well  as 
increased  frequency  range  and  im¬ 


proved  loudspeaker  damping. 

At  maximum  volume  the  degenera¬ 
tion  is  greatly  reduced  by  the  voltagt 
divider  action  of  the  volume  control 
resistance  and  diode  load  resistance 
R-6.  The  remaining  degeneration 
in  this  position  is  removed,  to  restore 
maximum  .sensitivity,  by  introducing 
regeneration  from  the  other  side  of 
the  voice  coil  to  the  top  of  the  volume 
control  through  the  resistor  R-.‘>. 
Thus  the  benefits  of  degeneration  are 
provided  in  the  working  range  of  the 
control  with  no  reduction  in  maxi¬ 
mum  sensitivity.  A  four-position 
tone  control  is  provided  which  acts 
independently  of  the  degeneration 
circuit. 

Every  receiver  in  the  new  G.P^ 
line,  with  one  e.xceidion,  features  auto¬ 
matic  tuning  and  most  are  ecjuipped 
with  keyboard  (push-button)  tuning. 
Certain  of  the  new  .set.s  have  a  re¬ 
mote  keyboard  control  wnich  will  not 
only  change  stations  but  regulate  vol¬ 
ume.  A  simplified  version  of  the 
“time-tuning”  feature  will  be  found 
in  a  9-tube  model.  It  will  make  it 
po.ssible  to  tune  any  one  station  to 
any  of  its  varied  programs  over  a 
12-hour  period. 

Features  of  the  1939  RC A-Victor  l>iue 

In  the  new  line  of  RCA  Victor  re¬ 
ceivers  .separate  oscillator  coils  are 
used  for  each  push  button  and  they 
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are  adjusted  by  movin>r  the  mayMietic 
tore  in  the  field  of  the  coil.  Kath 
coil  covers  a  ranjre  of  about  5(»0  kc 
and  three  coil  groups  are  used  to 
tover  the  band  (»f  550  to  1,550  kc  with 
sufficient  overlappinjr  of  the  ranjros 
to  mtH*t  any  ordinary  requirements. 
The  coils  parallel  the  conventional 
oscillator  coil  t(»  simplify  the  wind- 
itiK  and  switching  arranyrements.  The 
frequency  stability  of  the  circuits  is 
such  that  oscillator  drift  is  less  th;in 
1,50(>  cycles  for  a  temperature  rise 
of  50  F.  at  1.500  kc. 

The  antenna  circuits,  which  are  not 
so  critical  to  capacity  variation,  use 
conventional  compression  mica  trim¬ 
mers  switchc<l  acro.ss  the  normal  an¬ 
tenna  coil.  The  i-f  amplifier  stabil¬ 
ity  is  assured  by  use  of  permeability 
tunecl  coils  with  stabilized  fixed  tun¬ 
ing  condensers. 

lU'.A  engineers  feel  that  motor 


tuned  receivers  have  the  advantajre 
over  the  pre-.set  electrical  type  of 
V'reater  ease  in  .setting  uj)  stations 
for  push  button  operation — particu¬ 
larly  with  receivers  usinjr  >r«*nK 
condenser.s — and  the  possibility  of 
attachment  of  a  remote  tuninir  device 
if  so  desired.  The  motor  tuning  sys¬ 
tem  used  in  the  1939  Victor  receiv¬ 
ers  is  K^reatly  improved  over  previous 
types.  It  is  of  the  “hominjr”  type, 
that  is,  the  motor  seeks  the  station 
directly  without  the  necessity  of 
throwinjr  a  reversing  switch  at  the 
end  of  the  condenser  travel.  The  sta¬ 
tion  selector  switch  is  of  the  latch- 
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in  series  type  which  eliminates  the 
possibility  of  overheating  the  motor 
in  case  more  than  one  station  button 
is  pres.sed  in  at  the  .same  time.  Con¬ 
tact  positions  1  to  8  inclusive  repre- 
.sent  push  buttons  for  8  different  .sta¬ 
tions.  Position  9  is  for  “dial  tun- 
iriK”  and  removes  the  motor  voltaKo 
from  the  8  .station  buttons.  VV'hen 
a  station  is  to  be  .set  up,  the  “dial 
tunin^'^”  button  is  pres.sed  in  and  all 
of  the  station  buttons  are  energized 
throuKh  one  of  the  pilot  lamps  from 
a  6  volt  transformer  windiiiK.  The 
return  circuit  for  the  pilot  lamp  is 
through  the  seles-tor  and  motor  wind¬ 
ings  to  ^rround.  When  a  station  but¬ 
ton  and  the  “dial  tuninjr”  button  are 
both  latched  in.  the  pilot  li^ht  will 
y'o  out  only  when  the  station  contact 
is  directly  over  the  inmlator,  thus 
indicating'  pi'oper  .set  up. 

The  hiyh  fidelity  chas.ses  in  the 


line  are  provided  with  afc.  Accuracy 
of  tuning  is  assured  in  others  using 
motor  tuning  through  the  u.se  of  fre¬ 
quency  stabilized  components  and  a 
highly  accurate  motor  drive  and  stop¬ 
ping  system. 

The  accuracy  of  stoi)ping  depends 
on  the  width  of  the  insulator  in  the 
.selector  di.sc  and  the  diameter  of  the 
station  contacts.  A  small  amount  of 
overtravel  with  the  ordinary  motor 
drive,  even  with  an  armature  of  low 
inertia  would  be  very  difficult  to  con¬ 
trol,  without  excessive  oscillation  or 
hunting.  A  type  of  drive  with  very 
little  overtravel  has  been  developed. 


When  the  motor  armature  is  ener¬ 
gized  it  engages  the  .star  wheel  and 
pinion  by  means  of  the  crank  pin  and 
drives  the  gear  train  which  in  turn 
drives  the  tuning  shaft.  The  time 
required  to  tune  from  one  end  of  the 
broadcast  band  to  the  other  is  ap¬ 
proximately  3  .seconds.  The  motor 
armature  when  de-energized  is 
thrown  clear  of  the  star  wheel  and 
pinion  by  means  of  a  spring,  the  ar¬ 
mature  it.self  having  axial  movement. 

A  flywheel  is  mounted  on  the  motor 
shaft  but  is  not  rigidly  connected  to 
it.  The  tonjue  is  transmitted  to  the 
flywheel  through  an  adju.stable 
leather  friction  pad.  It  is  the  action 
of  this  flywheel  which  controls  the 
overtravel  of  the  motor  and  the  accur¬ 
acy  of  stopping  the  .system. 

When  a  station  button  is  pres.sed, 
the  motor  tends  to  pick  up  speed  and 
rotate  the  .selector  disc  in  the  direc¬ 
tion  of  the  corresponding  station  con¬ 
tact.  The  motor  cannot  come  up  to 
speed  immediately  due  to  the  friction 
drag  of  the  slipping  flywheel.  When 
the  insulator  on  the  selector  disc  has 
reached  the  station  contact,  both  the 
motor  and  flywheel  are  rotating  at 
the  same  si)eed  and  their  combined 
inertias  carry  the  insulator  beyond 
the  station  contact  and  the  motor 
reverses.  Becau.se  of  the  momentum 
of  the  flywheel  which  is  still  rotating 
in  the  original  direction,  the  motor 
speed  in  reverse  is  reduced.  While 
the  motor  is  rotating  at  low  speed  in 
the  reverse  direction  the  .station  con¬ 
tact  is  again  reached  at  which  time 
the  motor  current  is  broken  and  the 
condenser  stops  within  the  limits  of 
the  insulator.  In  actual  operation, 
the  .system  hunts  only  once,  returning 
to  the  proper  .setting  after  one  over¬ 
travel.  The  receiver  is  silenced  dur¬ 
ing  the  period  of  motor  tuning  by 
biasing  off  the  audio  tubes  by  means 
of  a  muting  circuit. 

Inverse  feed-back  is  used  over  the 
last  two  stages  of  the  wide  band  sets, 
the  feedback  loop  including  the  out¬ 
put  transformer.  The  1st  a-f  tube 
is  operated  outside  of  the  feed-back 
loop  and  the  10  kc  filter  and  audio 
tone  control  are  inserted  in  this  cir¬ 
cuit. 

For  wide  range  of  control  of  fidel¬ 
ity  the  selectivity  is  varied  by  switch¬ 
ing  coupling  coils  in  the  1st  and  2nd 
i-f  stages.  The  selectivity  from  the 
2nd  i-f  tube  to  the  2nd  detector  is 
relatively  sharp  and  flattens  out  the 
valley  of  the  double  humi)ed  selec- 
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Emerson  "Symphonixer"  volume  expander.  Switch  thrown  upward, 
signal  is  amplified  and  rectified  current  increases  gain  of  the 
6CS  expander  tube 
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tivity  characteristic  of  the  1st  two 
i-f  transformers  in  the  broader  selec¬ 
tivity  positions.  The  use  of  magne¬ 
tite  core  adjusted  i-f  transformers 
tuned  with  zero  temperature  coeffi¬ 
cient  mica  condensers  assures  con¬ 
stancy  of  i-f  alignment  and  afc  as¬ 
sures  correct  tuning  to  the  center  of 
the  pass  band. 

Fidelity  and  Tuning  Controls 
The  tuning  control  is  arranged 


coupling  in  the  large  cone  allows  the 
small  cone  to  be  driven  independently 
at  high  a-f  frequencies  by  the  voice 
coil  to  which  it  is  attached  at  its 
small  end.  Loading  the  apex  of  the 
inner  diaphragm  with  sufficient  mass 
to  resonate  with  the  stiffness  between 
the  apex  and  the  voice  coil  increa.sed 
the  response  from  4,000  to  7,500  cy¬ 
cles  without  increasing  the  10,000  cy¬ 
cle  response.  This  required  ma.ss 
was  furnished  by  a  small  inverted 


automatically,  the  records  being 
placed  on  top  of  the  record  holder 
post  supports.  From  here  they  are 
dropped  gently  down  the  center  spin¬ 
dle  one  after  the  other  after  the  com¬ 
pletion  of  playing  of  the  previous 
record.  A  lever  is  provided  to  give 
manual,  10-in.,  12  in.  and  record  re¬ 
ject  operation.  After  all  of  tht* 
records  have  been  dropped  to  the 
turntable  the  machine  will  repeat  the 
last  record  as  long  as  desired. 


'A  Bass  &  treble  Knobs  set  at  S  fidelity  3? 
B  Bass  Knob  set  at  maximum 
Treble  Knob  set  at  max.- fidelity  32 
0  Bass  1  treble  Knob  set  at  minimum 
Fideli'tyl2  F  FidelityS  0  FidelityA 


MfASURfMENTS  AT 
IPOO  KC  30%  MODU¬ 
LATION.  HI6M  FlOtUl 
POSITION 


OVERALL  FIDELITY 


Input -1,000  Kc.,  30%  modulotion 
Fidelity  control  at  maximum 
Bass  control  in  medium  position 
Volume  control  at  1st  bass  compensation  tap 

3  ,  1.000 

Modulation  Freauency 
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Frequency- Cycles  per  Second 

Overall  fidelity  characteristics  of  wide-band  1939 
RCA  Victor  receivers 


Various  degrees  of  audio  response  possible  in 
McMurdo-Silver  Masterpiece  VI 


with  a  push  action  for  manual  opera¬ 
tion  on  the  high  fidelity  chassis. 
Pushing  in  the  knob  while  tuning  re¬ 
moves  afc  and  narrows  selectivity. 
Releasing  the  knob  automatically  re¬ 
connects  afc  and  returns  the  selec¬ 
tivity  to  that  for  which  the  fidelity 
control  was  set.  The  fidelity  control 
is  a  seven  point  switch.  It  was  not 
considered  desirable  to  use  afc  on 
weak  distant  stations  subject  to  fad¬ 
ing;  therefore,  the  first  two  positions 
of  the  fidelity  control  are  labeled 
“Distance”  and  in  these  positions 
afc  and  electric  tuning  are  made 
inoperative.  In  the  remaining  five 
positions  afc  and  electric  tuning  are 
reconnected. 

Triple-cone  Speaker 

To  realize  the  full  capabilities  of 
the  high  fidelity  receivers,  a  new 
speaker  was  designed  having  substan¬ 
tially  flat  response  from  50  cycles  to 
7,500  cycles  but  with  high  attenuation 
of  10,000  cycles.  To  handle  high 
power  input  a  relatively  heavy  cone 
was  necessary  but  this  inherently 
limited  the  high  frequency  response. 
To  overcome  this  difficulty  a  smaller 
and  lighter  auxiliary  diaphragm  was 
placed  inside  the  larger  cone  and  fast¬ 
ened  to  it  by  a  flexible  base  support 
at  about  half  way  out.  Compliant 


metal  dome  which,  by  its  motion,  also 
contributes  to  the  high  frequency  ra¬ 
diation. 

Spread  Sand  Short  iraivs 

The  four  principal  entertainment 
bands  on  short  waves  are  each  spread 
across  the  entire  tuning  scale  on 
those  receivers  using  the  Overseas 
Dial.  The  actual  spread  is  such  that 
the  300  kc  band  covers  the  8  in.  .scale 
with  10  kc  calibration  points  almost 
in.  apart. 

To  accomplish  this  the  oscillator  is 
tuned  by  means  of  a  standard  11  to 
530  p/if  variable  capacitor  but  the 
circuit  constants  are  such  that  the 
effective  change  across  the  induct¬ 
ance  is  from  44  to  58  ppf.  A  combi¬ 
nation  of  series  and  parallel  capaci¬ 
tors  are  used  with  one  of  the  units 
designed  to  have  temperature  com¬ 
pensation.  The  oscillator  drift  with 
temperature  is  less  than  4  kc  at  15 
Me  for  a  temperature  rise  of  50°  F. 

New  Automatic  Record  Changer 
The  chief  features  of  this  record 
changer  are  its  ability  to  handle 
either  10  or  12  inch  records  and  the 
simplicity  of  its  construction  which 
results  in  freedom  from  service 
trouble  in  the  field.  It  will  handle 
eight  10  in.  or  seven  12  in.  records 


The  automatic  record  changer  em¬ 
ploys  a  new  crystal  pickup  with  a  top 
loading  needle  socket  making  change 
of  needles  much  more  convenient.  The 
pickup  is  so  placed  in  the  tone  arm 
that  the  needle  exerts  uniform  pres¬ 
sure  on  the  walls  of  the  record 
grooves  at  all  parts  of  the  record  sur¬ 
face  from  the  inner  to  the  outer 
groove.  .A  very  light  pre.ssure  of 
only  3.1  ounc2s  at  the  jToint  of  the 
needle,  together  with  low  stiffness  of 
the  mechanism  contributes  to  greatly 
decrease  the  record  wear  using  this 
pickup  and  tone  arm.  Response  nf 
the  pickup  is  essentially  flat  from  7<> 
to  7,000  cycles. 

Kvery  model  in  the  new  RCA  Vic¬ 
tor  line  which  has  10  tubes  or  more 
has  in  it  the  “master  antenna”  de- 
.scribed  at  the  recent  IR.5  convention 
by  V.  1).  Landon  and  J.  I).  Reid  and 
reported,  briefly,  in  July  Fleet nmirs. 
It  involves  a  ma.ster  noi.se  eliminator 
adjustment  at  the  rear  of  the  cha.<sis 
which  can  be  easily  performed  by  the 
owner  of  the  receiver. 

Higher  Fidelity  Marks  Stromhein 
Receivers 

New  and  improved  labyrinths  are 
to  be  found  in  the  new  Stromberg- 
Carlson  receivers,  still  further  im¬ 
proving  fidelity  of  reproduction.  I 
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Degeneration  circuit  in  General  Electric  receiver;  also  G.E.  pre-setting 
tuning  system.  Silver  attachable  volume  expander.  V4  rectifier  changes 
bias  of  V2  and  controls  expansion  of  23  db 


made  of  acoustic  materials  recent- 
l.v  developed  which  are  self-support¬ 
ing  and  which  do  away  with  the 
rather  involved  pressed  metal  con¬ 
struction  u.sed  in  the  earlier  laby¬ 
rinths.  Great  care  has  been  exercised 
in  the  furniture  cabinet  designs  to 
set?  that  nothing  enters  which  might 
affect  the  quality  of  reproduction. 
Several  of  the  new  Stromberg  models 
are  corner  cabinets,  and  the  laby¬ 
rinth  has  been  found  to  be  the  only 
'vay  in  which  high-grade  reproduc¬ 
tion  has  been  possible  in  the  restrict¬ 
ed  space  available  in  the.se  cabinets. 

A  new  design  of  labyrinth  is  to  be 
found  in  the  340-P  radio-phonograph 
combination,  w’here  the  dimensions  of 
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the  cabinet  are  restricted.  Made  of 
a  two-piece  construction  it  is  designed 
to  work  with  a  speaker  smaller  than 
any  used  in  labyrinth  application  up 
to  the  present  time.  In  chairside 
models  in  which  the  speaker  is  neces¬ 
sarily  close  to  the  bottom  of  the  cabi¬ 
net,  a  speaker  of  better-than-usual 
high  frequency  response  is  used  to 
compensate  the  ab.sorption  of  high 
frequencies  by  rugs  and  heavily  up¬ 
holstered  furniture. 

Chassis  Design  Features 

In  the  new  chas.ses,  a  protecting 
framework  and  reinforced  base  has 
been  incorporated.  It  serves  to  pro¬ 
tect  the  chassis  in  the  production 


department,  during  shipping,  and 
subsequent  use  in  the  field.  The 
framework  serves  as  considerable 
assistance  to  the  worker,  in  that  it  is 
possible  for  him  to  place  the  chassis 
in  any  one  of  four  positions  without 
danger  of  damage  to  delicate  mechan¬ 
ical  and  electrical  parts. 

Wide  use  is  made  of  bronze  in  the 
construction  of  dial  plates  in  many 
of  the  new  models.  This  gives  a  per¬ 
manent  type  of  dial  material,  and 
allows  a  variety  of  interesting  de¬ 
signs  to  be  obtained  through  etching 
proces.ses. 

In  push  button  operation  there  is 
incorporated  in  connection  with  the 
push  button  unit  a  type  of  compen¬ 
sator  which  has  novel  features.  This 
compen.sator  employs  the  usual  capa¬ 
citor  to  balance  electrical  circuit 
drift,  but,  in  addition,  it  has  built  into 
it  an  electrical  heating  unit  which 
serves  to  control  closely  the  amount 
of  compensation  which  is  derived 
through  the  u.se  of  the  compensator 
unit.  For  the  .service  man’s  conve¬ 
nience,  the  push  button  electric  tun¬ 
ing  unit  is  provided  with  front  ad- 
ju.stment.  The  adjustment  screws 
are  accessible  on  removing  an  escut¬ 
cheon  plate  which  is  part  of  the  main 
dial  as.sembly.  In  this  position,  the 
tuning  eye  is  immediately  visible  for 
use  in  obtaining  accurate  setting  of 
the  push  button  tuning  units. 

In  the  larger  models  provision  is 
made  for  adequate  low  frequency  re¬ 
sponse  by  building  a  separate  chan¬ 
nel  designed  for  amplification  of  the 
frequencies  below  200  cycles. 

McMurdo  Silver  in  his  Masterpiece 
receivers  seems  to  include  all  that  one 
could  wish  for.  Taking  advantage 
of  recent  work  on  cabinet  design  to 
eliminate  boom  ( the  peri-dynamic 
and  bas.s-reflex  principles  of  Jensen) 
the  new  receivers  comprise  a  chassis 
and  a  loud  speaker  cabinet  properly 
designed  to  reproduce  the  lower  fre¬ 
quencies  with  great  ferv’or  dowm  to 
30  cycles.  An  18  in.  speaker  aids  in 
this  extension  of  the  range.  At  the 
higher  end  the  receiver  is  good  to 
9000  cycles  in  the  extended  band  re¬ 
gion  and  by  providing  various  de¬ 
grees  of  selectivity  and  audio  cut-off, 
reception  limited  to  a  very  narrow 
band  for  tuning  is  possible.  Both 
treble  and  bass  ends  of  the  scale  may 
be  adjusted  to  suit  the  user’s  require¬ 
ments.  Incidentally  the  treble  ad¬ 
justment  extends  from  “bright”  to 
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DEV’ELOPMENTS  in  the  vacuum 
tube  art,  particularly  in  recent 
years,  act  like  a  swiftly  rushing 
stream,  carrying  a  thousand  and  one 
other  development  problems  along 
on  their  current.  The  cardiotacho- 
meter  has  shared  in  the  progress 
thus  made.  Modern  electronic  tech¬ 
niques  have  not  only  made  it  pos¬ 
sible  to  meet  the  requirements 
which  should  be  imposed  on  a  prac¬ 
tical  cardiotachomete*";  they  have 
been  instrumental  in  accurately 
specifying  these  requirements. 

Since  the  early  work  of  Dr.  Ernst 
P.  Boaz'  and  Dr.  Benjamin  Liebowitz, 
at  the  Montefiore  Hospital  in  New 
York,  instruments  controlled  by  the 
electrical  impulses  accompanying 
muscular  action  of  the  heart  have 
been  used  for  observing  and  record¬ 
ing  the  heart  rate.  In  general  these 
instruments  involve  a  circuit  for  am¬ 
plifying  the  electric  pulses  and  a 
mechanism  for  recording  the  time  of 
occurrence  of  these  pulses  on  a  mov¬ 
ing  tape.  The  instrument  here  de¬ 
scribed  differs  from  earlier  types 
mainly  in  respect  to  details  of  con¬ 
struction  which  give  it  a  simplicity 
and  reliability  of  operation  not  here¬ 
tofore  available. 

The  present  cardiotachometer  is 
operated  by  power  received  wholly 
from  the  alternating  current  lighting 
cicuit.  Connection  to  the  body  is 
made  by  flexible  electrodes  which  may 
be  applied  to  almost  any  conveniently 
accessible  parts,  such  as  arms  or  legs. 
Observations  are  made  by  noting  the 
deflection  of  a  meter  calibrated  di¬ 
rectly  in  beats  per  minute.  Readings 
may  be  made  while  the  patient  is  at 
rest  or  moderately  active.  They  may 
also  be  made  during  the  progress  of 


1  Archives  of  Internal  Medicine,  March 
1928. 


Fig.  2 — Front  view  of  electronic  cardiotachometer  and  electrodes 


anaesthesia  and  operation.  The  ap¬ 
paratus  as  Anally  developed  contains 
a  number  of  circuit  arrangements 
which  are  believed  to  be  novel  and 
which  may  well  have  utility  in  other 
applications.  In  general  these  ar¬ 
rangements  will  find  greatest  use  in 
vacuum  tube  circuits  in  which,  as  in 
the  cardiotachometer,  the  frequencies 
of  the  signal  waves  are  lower  than 
those  of  the  power  supply  or  of  the 
interference.  This  situation  is  often 
encountered  in  biophysical  studies. 

Operatitif/  Conditionn 

The  form  of  the  electric  wave  from 
the  heart,  as  picked  up  by  the  body 
electrodes,  has  been  made  familiar 
through  the  cardiogram^  It  has  a 
peak  amplitude  of  the  order  of  1 
millivolt.  Recent  analyses  of  such 
waves,  made  possible  by  modern  elec¬ 
tronic  techniques,  yield  essential  in¬ 
formation  as  to  the  energy  distribu¬ 
tion  among  the  components.  The 
frequency  of  the  fundamental  com¬ 
ponent  of  the  cardiac  wave  is,  of 
course,  determined  directly  by  the 
heart  rate  itself.  With  human  sub- 

^  Electronics,  January,  1938,  page  29. 


jects  the  frequency  of  this  component 
may  be  considered  to  lie  between  O.") 
and  4  cycles  per  .second.  With  smail 
animals  such  as  mice  the  fundamental 
frequency  may  be  as  high  as  10  cycle's 
per  .second. 

Harmonic  analysis  shows  that  the 
cardiac  wave  contains  components 
corresponding  to  all  multiples  of  the 
fundamental  up  to  very  high  values. 
The  greater  portion  of  the  energy  of 
the  wave  is,  however,  contained  in 
the  fir.st  15  or  20  components.  This 
is  important  in  view  of  the  fact  that 
in  the  voltage  picked  up  by  the  elec¬ 
trodes  there  are  components  due  to 
body  mu.scles  other  than  the  heart. 
Voltages  due  to  the  diaphram  mus¬ 
cles  are  always  present,  and  any  sud¬ 
den  motion  of  the  body  produces  volt¬ 
ages  which  may  have  several  times 
the  magnitude  of  the  heart  voltage. 
These  interfering  voltages  are  made 
up  largely  of  components  having  fre¬ 
quencies  above  tho.se  of  the  important 
energy  components  of  the  heart  volt¬ 
age. 

On  the  basis  of  the  present  quanti¬ 
tative  knowledge  of  the  energy  dis¬ 
tribution  in  the  cardiac  wave  it  is 
now  clear  that  these  amplifiers  should 
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Fiq.  1-  -Schematic  wiring  diagram  oi  electronic  cardiotachometer 


have  the  characteristics  of  a  low- 
pass  filter  rather  than  that  of  a  tuned 
circuit.  They  should  transmit  with 
hijrh  efficiency  all  components  between 
about  0.5  and  40  cycles  i)er  .second 
and  .should  discriminate  ajfain.st 
hijjher  frequencies.  F^or  cardiotach- 
ometers  to  be  used  with  small  animals 
the  cut-off  frequency  should  be  set 
considerably  higher;  a  value  from  15 
to  20  times  the  fundamental  fre- 
(piency  will  in  most  cases  be  found 
satisfactory. 

Functional  .1  rrunffcincnt 

\  schematic  diagram  t)f  the  complete 
circuit  of  the  cardiotachometer  is  shown 
in  Figure  1.  The  first  three  vacuum 
tulx's  are  conventional  triodes  u.sed  as 
anqjlifiers.  The  electrodes  are  con¬ 
nected  to  the  first  triode  through  a 
shielded  cable,  the  shield  being  used 
for  one  lead.  When  in  use  there  is  no 
intpedance  betw’een  the  grid  of  the  first 
triode  and  ground  other  than  the  im- 
peilaiue  of  the  subject  between  the  elec¬ 
trodes.  When  not  in  u.se,  or  when  the 
electrodes  are  being  adjusted,  the  grid 
•  ^  is  shorted  to  ground  by  the  switch  SI. 
The  next  two  tubes  are  both  driven 
.by  a  common  connection  to  the  adjust¬ 
able  gain-control  in  the  output  of  the 
third  triode.  The  control  is  located  at 
this  point  because  the  amplification  is 
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so  great  that  were  it  located  earlier 
there  would  be  violent  <listurbances 
following  any  adjustment.  These  re- 
.■;ult,  largely,  from  thermal  potentials 
between  resistor  and  sliding  contact. 
Of  these  two  tubes  the  first,  6E5,  is  an 
indicating  tube,  of  the  “magic  eye’’  type. 
Its  function  is  essentially  that  of  a 
peak  voltmeter,  showing  the  magnitude 
of  any  signal  impres.sed  upon  the  grid 
ftf  the  final  amplifier  tube. 

The  type  885  tubes  are  gas  tri¬ 
odes.  Their  function  is  to  cause  cur¬ 
rent  to  pass  through  the  windings  of  a 
relay  during  alternate  intervals  be¬ 
tween  pulses.  The  arrangement  of 
these  gas  triodes  is  one  commonly  used 
for  this  and  similar  purposes.  At  any 
instant  one  tube  is  conducting  and  the 
other  is  non-conducting.  With  the  cir¬ 
cuit  in  this  condition  the  voltage  rela¬ 
tions  are  such  that  an  impulse  im¬ 
pres.sed  on  the  grid  circuits  will  cause 
the  break-down  of  the  non-conducting 
tube.  This,  in  turn,  cau.ses  the  extinc¬ 
tion  of  the  conducting  tube  and  the  re¬ 
establishment  of  a  stable  condition  in 
which  the  relations  between  the  two 
tubes  are  interchanged.  The  relay,  be¬ 
ing  connected  in  series  with  one  of 
these  tubes,  thus  carries  current  when 
that  tube  is  operated,  or  during  every 
other  pulse  interval.  The  i-emaining 
tubes  are  voltage  regulator  and  rectifier 
tubes  associated  with  the  power-supply 
portion  of  the  system. 

The  ..ircuit  associated  directly  with 
the  relay  develops  a  direct  current  pro¬ 


portional  to  the  rate  of  relay  operation. 
The  relay  performs  a  double  transfer, 
a  pair  of  condensers,  C31  and  C32, 
being  connected  alternately  and  in  turn 
to  a  source  of  fixed  potential  and  to  a 
discharge  circuit.  The  current  in  the 
discharge  circuit  is  thus  proportional 
to  the  quantity  of  electricity  constitut¬ 
ing  the  charge  on  one  condenser  and  to 
the  rate  at  which  this  quantity  is  de¬ 
livered  to  the  discharge  circuit  by  the 
relay.  The  resistance-capacitance  net¬ 
work  is  used  to  prevent  varying  compo¬ 
nents  of  the  discharge  current  from  ap¬ 
pearing  in  the  meter.  The  deflection  is, 
therefore,  virtually  steady  and  propor¬ 
tional  to  the  original  pulse  rate. 

Electrodes 

A  remarkably  .satisfactory  type  of 
electrode  may  be  made  by  covering  a 
piece  of  fine  pho.sphor  bronze  gauze 
with  a  snugly  fitting  jacket  of  soft 
cloth.  When  moistened  with  a  strong 
solution  of  common  salt  and  placed  in 
contact  with  the  body  an  electrical 
connection  of  good  stability  is  estab¬ 
lished.  The  shape  and  method  of 
affixing  the  electrodes  depends  upon 
the  portion  of  the  body  to  which  con¬ 
tact  is  to  be  made.  For  studies  of 
changes  in  heart  rate  during  exer¬ 
cise  it  is  desirable  to  place  them  as 
near  the  heart  as  possible.  Rectangu- 
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Fig.  3 — Cathode  resistance  used  for  regeneration  in  two  stage  amplifier.  A. 
theoretical  arrangement  of  circuit.  6,  ideal  arrangement  of  circuit.  C,  prac¬ 
tical  working  circuit.  D.  circuit  arrangement  with  duplex-triodes 


lar  or  oval  electrodes,  backed  by  a 
thin  pad  of  some  soft  material,  may 
be  fastened  directly  upon  the  back 
and  chest  by  adhesive  tape.  For  the 
majority  of  purposes,  ho\vever,  a 
simple  band  electrode  such  as  shown 
in  Figure  2,  on  each  arm,  is  equally 
satisfactory  and  more  convenient. 

Power  Supply  System 
The  discrimination  of  the  ampli¬ 
fier  against  frequencies  of  60  cycles 
a  second  and  higher  is  an  important 
factor  in  the  design  of  the  power 
supply  system.  In  view  of  the  high 
gain  necessary  in  the  amplifier  the 
requirements  on  hum  elimination 
would  be  almost  prohibitive  without 
this  discrimination.  The  major  prob¬ 
lem  in  connection  with  the  power 
supply  thus  becomes  the  prevention 
of  feed-back  resulting  from  the  coup¬ 
ling  impedance  of  this  system.  This 
effect  may  be  so  serious  here  that 
even  with  battery  operated  ampli¬ 
fiers  it  has  been  customary  to  use 
independent  batteries  for  the  several 
stages.  The  low  frequencies  of  the 
signal  components  bring  in  an  added 
difficulty,  inasmuch  as  they  make  the 
usual  tyi>e  of  decoupling  filter  quite 
ineffective. 

Power  for  the  entire  circuit  is  sup¬ 
plied  by  the  transformer  T40  and  the 
rectifier  5Z3.  Current  for  the  high 
level  portion  of  the  circuit,  which  in¬ 
cludes  both  the  final  amplifier  stage, 
the  gas  triodes,  and  the  condenser 
charging  circuit,  is  delivered  through  a 
network  having  as  series  elements  the 
inductance  L43  and  the  resistance  R43, 
and  as  shunt  elements  the  condenser 
C43  and  the  third  voltage  regulator 
tube.  This  network  constitutes  a  simple 
form  of  hum  elimination  filter.  Cur¬ 
rent  for  the  first,  or  low  level,  stage  is 
taken  from  the  common  rectifier 
through  a  similar  network.  In  any 
multi-stage  amplifier  it  is  necessary  to 
prevent  current  changes  in  the  high 
level  stages  from  affecting  the  voltage 
of  the  power  supply  to  the  low  level 
stages.  In  the  present  case  this  situ¬ 
ation  is  intensified  because  of  the  con¬ 
siderable  magnitude  of  the  current 
changes  accompanying  the  operation  of 
the  gas  triodes  and  the  charging  of  the 
rate  indicating  condensers.  Unless 
these  are  effectively  prevented  from 
affecting  the  supply  voltage  on  the  first 
stage  there  will  be  not  only  the  usual 
tendancy  to  self  oscillation  but  an  ac¬ 
tual  overloading  of  the  low  level  stages 
which  would  result  in  a  paralysis  of 
the  entire  system.  With  the  arrange¬ 
ment  shown  any  current  surges  in  the 
gas  triodes  or  charging  circuit  produce 
a  small  potential  change  across  the 
third  regulator.  The  regulator  tube 
is  more  effective  in  reducing  this 
change  than  the  usual  filter  condenser 
would  be  as  it  is  virtually  independent 


of  the  rate  at  which  the  change  takes 
place.  From  this  point  in  the  circuit 
the  disturbance  has  to  pass  through 
both  of  the  power  supply  netw’orks  in 
tandem  in  order  to  reach  the  first 
stage.  The  final  element  in  this  com¬ 
bined  network,  the  first  voltage  regu¬ 
lator,  is  again  a  very  effective  means 
of  reducing  the  magnitude  of  such  volt¬ 
age  change  as  remains. 

The  network  supplying  plate  power 
to  the  intermediate  stages  has  the  in¬ 
ductance  L41  and  the  condenser  C41  in 
common  with  the  network  for  the  first 
stage.  It  has  the  separate  resistance 
R42  and  the  separate  voltage  regu¬ 
lator  tube.  Those  portions  of  the  two 
networks  which  are  not  common,  to¬ 
gether  with  the  common  capacitance 
C41,  form  a  single  network  for  sup¬ 
pressing  the  interchange  of  voltage 
variations  between  stages.  This  net¬ 
work,  though  less  effective  than  that 
between  the  first  and  last  stages,  is  en¬ 
tirely  adequate  for  this  purpose. 

Regenerative  Amplification 

Because  of  the  low  frequency  of  the 
signal  it  is  possible  to  utilize  a  form 
of  regeneration  which  is  effective  for 
the  signal  but  not  for  pow'er  supply 
interference. 

As  is  well  known  the  use  of  a  resist¬ 
ance  in  the  cathode  lead  of  a  triode 
for  obtaining  the  required  biasing  po¬ 
tential  between  grid  and  cathode  has 
a  degenerative  effect.  Suppose,  how¬ 


ever,  that  the  cathodes  of  two  similar 
triodes  are  connected  together,  as  in 
Figure  3-A.  and  that  the  combined 
plate-currents  flow  to  ground  through 
a  common  resistance.  I^et  these  tri¬ 
odes  be  connected  as  two  stages  of  a 
resistance-capacity  coupled  amplifier. 
A  voltage  introduced  into  the  grid- 
circuit  of  the  first  triode  will  cause 
changes  in  the  plate-currents  of  both 
tubes.  The  change  in  the  plate-current 
of  the  second  tube  will  be  greater 
than  in  that  of  the  first  and  will  be 
of  opposite  sign.  The  net  change  will 
be,  in  consequence,  of  opposite  sign 
to  that  w’hich  would  take  place  in  the 
cathode  resistor  of  a  single  tube.  1  he 
voltage  across  the  cathode  resistor 
will  appear  in  the  grid-circuit  ot  the 
first  tube,  therefore,  with  the  same 
sign  as  the  impres.sed  voltage  which 
originally  produced  the  change.  It 
will  appear  in  the  grid-circuit  of  the 
second  tube  as  of  opposite  sign  from 
the  amplified  voltage  impressed  by  the 
first  tube.  The  effect  of  this  voltage 
will  be  greater  in  the  first  tube  than 
in  the  second,  because  of  the  amplifi* 
cation.  The  net  result,  therefore,  is 
that  the  common  cathode  resistance 
produces  a  regenerative  effect. 

In  practice  the  regeneration  result- 
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injf  from  connecting  in  parallel  the 
cathode  resistances  of  two  successive 
stages  would  be  so  great  that  the  cir¬ 
cuit  would  l)e  unstable.  The  effect 
may  be  reduced  in  a  number  of  ways. 

( 1 )  A  variable  resi.stance,  of  proper 
value  may  be  connected  in  the  cathode 
lead  of  each  tube,  as  in  Figure  3-B, 
so  that  the  total  resistance  is  always 
l)etween  the  cathode  and  ground.  If 
the  sliders  of  the.se  two  resistances 
are  connected  together,  both  electric¬ 
ally  and  mechanically,  the  amount  of 
resistance  common  to  the  two  stages 
may  be  adjusted  as  desired.  This  is 
the  ideal  arrangement,  inasmuch  as 
it  does  not  disturb  the  normal  operat¬ 
ing  points  of  the  tubes.  (2)  In  gen¬ 
eral  the  amount  of  common  resistance 
will  be  small  as  compared  to  the  total 
resistance  in  either  lead.  It  is  en¬ 
tirely  practicable,  therefore,  to  use 
individual  fixed  resistances,  of  some¬ 
what  less  than  the  usual  amount,  in 
each  lead  and  to  combine  the  plate 
currents  in  a  single  small  variable  re- 
.<istance  between  the  common  point 
of  these  fixed  resistors  and  ground. 


This  arrangement  is  used  in  the  car- 
diotachometer.  It  is  shown  in  Figure 
•>-(-.  (3)  In  case  the  two  triodes  are 
ill  a  single  bulb  and  have  a  common 
cathode  a  resistance  may  be  u.sed  in 
the  cathode  lead  for  regeneration.  A 
single  battery  in  this  lead  or,  as 
shown  in  Figure  3-D,  individual  bat¬ 
teries  in  the  separate  grid-leads,  will 
then  be  required  to  bring  the  total 
grid-bias  potential  to  the  proi)er 
value. 

riiis  regeneration  through  cathode 
coupling  is  of  distinct  advantage  in  the 
caiahotacliometer,  not  only  because  of 
the  increased  gain  which  it  provides,  but 


becau.se  it  may  be  made  selective  for  the 
signal  components.  With  the  conven¬ 
tional  cathode  resistance  degeneration 
is  reduced  by  by-passing  the  resistance 
with  a  condenser  which  offers  a  path  of 
low'  impedance  to  the  signal  waves. 
With  cathode  coupling  regeneration 
may  obviously  be  reduced  by  the  same 
means.  In  the  cardiotachometer  the 
frecjencies  of  desired  signal  components 
are  below’  those  of  interference,  hence 
a  condenser  may  be  chosen  which  of¬ 
fers  a  path  of  low  im|)edance  to  the 
interference  but  not  to  the  signal.  It 
consequently  prevents  regeneration  of 
the  interference  w’ithout  impairing  that 
effective  for  the  signal. 

It  should  be  noted  that  in  general 
there  is  almost  no  value  in  attempting 
to  prevent  degeneration  in  the  cathode 
circuits  of  those  tubes  not  involved  in 
regeneration.  The  condensers  which 
w’ould  l)e  needed  to  produce  any  appre¬ 
ciable  effect  would  be  of  prohibitive  ca¬ 
pacitance.  There  is,  however,  a  substan¬ 
tial  reduction  in  hum  level  if  a  con¬ 
denser  is  shunted  across  the  cathode 
resistance  of  the  first  stage.  Such  a 
conden.ser  reduces  any  hum  voltage 
which  may  be  set  up  in  the  grid-circuit 
as  a  result  of  ripple  in  the  supply  volt¬ 
age,  and  thereby  reduces  its  effect  by 
an  amount  proportional  to  the  amplifi¬ 
cation  of  the  tube. 


As  in  all  resistance-capacitance 
coupled  amplifiers  the  low  frequency 
end  of  the  transmi.ssion  characteris¬ 
tic  of  the  cardiotachometer  is  con¬ 
trolled  by  the  values  of  the  interstage 
blocking  conden.sers  and  of  the  grid- 
leak  resistors.  It  has  been  found  that 
the  high  frequency  end  may  be  con¬ 
trolled  with  equal  simplicity.  The 
amplifier  may  be  given  the  desired 
characteristic  by  shunting  a  con¬ 
den.ser  of  the  proper  value  between 
the  plate  of  each  tube  and  ground. 
This  condenser  is  thus  in  parallel 
with  the  plate-feed  resistance  of  the 


tube  and  any  impedance  there  may  be 
in  the  power  supply  system.  The  use 
of  the  voltage  regulator  tube  has  the 
advantage  of  making  the  pow'er  sup¬ 
ply,  in  effect,  a  low'  impedance  genera¬ 
tor.  It  may,  therefore,  be  neglected  in 
computing  the  value  of  the  condenser. 

The  di.scrimination  obtained  by  the 
use  of  a  condenser  in  shunt  with  the 
plate-feed  resistance  does  not  increase 
linearly  with  frequency.  It  shows,  in 
fact,  a  characteristic  which  resembles 
that  of  a  conventional  low-pass  filter. 
This  characteristic  may  be  computed 
directly  from  the  familiar  impedance 
relations  of  a  shunted  condenser.  The 
curves  shown  in  Figure  4  are  the  fre¬ 
quency-amplification  characteristics  ob¬ 
tained  with  one,  two,  and  three  stages 
of  amplification  each  having  a  fixed 
condenser  in  shunt  with  the  plate-feed 
resistance.  The  point  marked  as  unity 
on  the  frequency  scale  corresponds  to 
that  frequency  at  which  the  magnitudes 
of  the  resistive  and  reactive  components 
of  the  equivalent  impedances  of  the 
parallel  branch  circuits  are  equal.  Other 
frequencies  are  plotted  in  terms  of  this 
reference  frequency  as  direct  ratios. 
By  choosing  the  absolute  value  of  fre¬ 
quency  for  any  significant  point  on  one 
of  these  characteristics  the  frequency 
at  which  the  resistance  and  reactance 
components  are  to  be  made  equal  is  at 
once  obtained.  .\t  this  reference  point 
the  magnitudes  of  the  actual  resistance 
and  reactance  of  the  parallel  branches 
are  also  equal  and  are  twice  the  mag¬ 
nitude  of  the  equivalent  series  compo¬ 
nents.  Know’ing  the  magnitude  of  the 
plate-feed  resistance  the  value  of  the 
capacitance  to  give  the  same  magnitude 
at  the  reference  frequency  may  be 
readily  computed. 

Rate  Indicating  Circuit 
The  circuit  by  which  is  developed  a 
current  proportional  to  the  pulse  rate 
is  similar  in  principle  to  the  familiar 
condenser  charge-and-discharge  cir¬ 
cuit.  It  does,  however,  have  some 
changes  in  detail  which  make  it  more 
suitable  for  the  operating  conditions 
which  exist  in  the  cardiotachometer. 
The  conventional  arrangement  has 
been  modified  so  that  one  condenser 
remains  on  charge  and  a  second  con¬ 
denser  on  discharge  for  one  entire  in¬ 
terval.  During  the  succeeding  inter¬ 
val  the  condensers  are  interchanged, 
the  fully  charged  unit  being  con¬ 
nected  to  the  discharge  circuit  and  the 
fully  discharged  unit  to  the  source  of 
charging  potential.  To  insure  that 
each  condenser  delivers  a  full  charge 
every  time  it  is  transferred  it  has 
been  found  that  relays  making  posi¬ 
tive  contacts  must  be  used.  Thyratron 
relays  have  been  tried  but  do  not 
give  as  linear  a  calibration  as  that 
obtained  with  a  mechanical  relay.  By 
(Continued  on  jmge  bo) 


4 — Transmitsion  charactoriitics  of  amplifier  having  a  fixed  condenser  in 
shunt  with  the  plate-feed  resistance.  Unit  frequency  is  taken  as  that  fre¬ 
quency  at  which  the  magnitude  of  the  shunt  resistance  is  equal  to  the 
magnitudes  of  the  plate  feed  resistance  and  of  the  internal  tube  impedance 
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By  E.  W.  ENGSTROM  and 
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Television  V-F  Circuits 


Third  of  a  series  of  articles  dealing  with  the  general  problems  of  television  receiver  design. 
Antennak  r-f  selector,  oscillator,  first  detector  and  i-f  amplifiers  have  been  covered.  This  paper 
deals  with  v-f  detector  and  amplifier  and  avc  for  picture 


Synchroni tin 


black  lev*l 


Zero  ^rrier  while  level- 


a-c  axis 


Fig.  1 — Carrier  envelope  for  two  conditions  of  black  and  white  in 
the  transmitted  picture 

Fig.  2 — The  video  signal  as  it  appears  with  reference  to  the  a-c  axis 


IN  the  first  two  articles  of  this 
series  we  reviewed  the  require¬ 
ments  to  be  met  in  the  radio  and 
intermediate  frequency  amplifiers 
and  in  the  audio  frequency  ampli¬ 
fier.  This  article  deals  with  the 
video  frequency  detector,  automatic 
volume  control  for  picture,  and  vi¬ 
deo  frequency  amplifier. 

The  polarity  of  the  transmitted 
signal  has  been  tentatively  stand- 
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Fig.  3 — Circuit  diagram  showing  the 
portions  oi  the  receiver  thus  far 
described 


as  .shown  in  the  circuit  diajrram  of 
Fig.  3.  The  principal  difference  be¬ 
tween  this  circuit  and  the  diode  de¬ 
tector  circuit  normally  used  for 
sound  is  that  in  order  to  maintain 
the  proper  video  fidelity  the  diode 
load  resistance  must  be  very  much 
smaller,  usually  of  the  order  of 
2500  ohms  or  less.  It  is  not  neces¬ 
sary  that  the  diode  be  full  wave, 
but  with  a  full  wave  diode  the  inter¬ 
mediate  frequency  appearing  across 
the  diode  load  resistance  is  doubled, 
and  is  consequently  more  easily  eli¬ 
minated  from  the  v-f  amplifier. 

When  the  i-f  signals  of  Fig.  1  are 
impressed  on  the  diode  the  signal 
appearing  across  the  diode  load  re¬ 
sistance  will  be  essentially  the  same 
as  one-half  of  the  input  wave.  There 
will  be  some  distortion  due  to  diode 
curvature  near  zero,  but  this  will 
have  a  negligible  effect  on  the  repro¬ 
duced  picture  if  the  peak  signal  im¬ 
pressed  on  the  diode  is  of  the  order 
of  5  volts  or  more.  The  d-c  compo¬ 
nent  of  the  signal  present  in  the 
modulated  wave  will  also  be  present 
in  the  signal  across  the  diode  load. 
Thus,  white  in  the  picture  is  repre¬ 
sented  by  minimum  voltage  across 
the  diode  resistor,  while  synchroniz¬ 
ing  occupies  the  upper  20*^0  of  the 
voltage  range.  < 

There  are  several  distinct  advan¬ 
tages  obtained  from  the  use  of  an 
automatic  volume  control  on  the  pic¬ 
ture  channel  of  a  television  receiver. 
Only  a  few  of  these  advantages  will 
be  mentioned.  An  AVC  will  main¬ 
tain  the  signal  level  at  the  second  de¬ 
tector  constant  for  wide  variations  in 
input  signal.  While  the  signal  from 
a  given  transmitter  may  not  vary 
greatly  within  its  service  area  due 
to  natural  fading,  the  signal  will 
sometimes  vary  considerably  because 
of  a  swinging  receiving  antenna  or 
transmission  line  and  because  of 
moving  conductors  and  objects 
nearby.  When  tuning  from  one  sta¬ 
tion  to  another  an  AVC  again  main¬ 
tains  proper  signal  levels  without 
manual  readjustment  of  other  con¬ 
trols.  Again,  with  a  constant  signal 
level  at  the  second  detector  the  prob¬ 
lems  of  synchronizing  pulse  separa¬ 
tion  and  gain  control  are  simplified 
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and  operation  is  made  more  reliable. 
In  field  testing  television  receivers, 
AVC  has  been  found  to  be  a  very 
desirable  part  of  the  system. 

In  sound  broadcast  receivers  it  is 
customary  to  use  the  filtered  d-c 
drop  across  the  diode  resistor  as  the 
source  of  the  AVC  voltage.  This  is 
satisfactory  because  the  d-c  voltage 
thus  obtained  is  directly  proportional 
to  the  average  carrier  amplitude  at 
the  diode.  If  it  maintains  the  aver¬ 
age  carrier  amplitude  constant  then 
the  AVC  operates  as  it  should. 

For  television  signals,  however, 
this  is  not  the  case.  When  the  d-c 
component  of  the  picture  is  trans¬ 
mitted,  the  average  carrier  does  not 
remain  constant  for  varying  pictures, 
but  is  rather  a  function  of  the  rela¬ 
tive  amount  of  black  and  white  in  the 
scene.  An  AVC  operating  on  aver¬ 
age  carrier  is  not  satisfactory  for 
television.  Figure  1  shows  the  car¬ 
rier  characteristics  for  conditions  of 
a  white  picture  with  a  narrow  ver¬ 
tical  black  line,  and  a  black  picture 
with  a  narrow  vertical  white  line. 
The  average  carrier  level  varies  ap¬ 
proximately  5  to  1  between  these 
two  conditions.  However,  for  d-c 
negative  transmission  the  peak  value 
of  the  carrier  always  remains  con¬ 
stant — that  is,  the  peaks  of  the  syn¬ 
chronizing  pulses  always  rise  to  the 
same  amplitude.  Since  the  synchron¬ 
izing  pulses  are  transmitted  contin¬ 
ually  ( at  the  end  of  each  line  and 
at  the  end  of  each  field)  they  form 
a  continual  reference  for  operating 
an  AVC. 

On  the  circuit  diagram  of  Fig.  3, 
the  tube  marked  “AVC  rectifier”  fur¬ 
nishes  the  AVC  control  voltage  foi 
the  receiver.  It  is  connected  across 
the  diode  load  resistor  in  such  a 
manner  that  it  draws  current  on  the 
positive  excursion  of  voltage  across 
the  resistor — that  is,  on  synchroniz¬ 
ing  pulse  peaks.  This  current  charges 
the  capacitor  in  the  cathode  of  the 
rectifier  to  a  d-c  potential  equal  to 
the  peak  of  the  television  signal. 
The  time  constant  of  the  circuit  con¬ 
sisting  of  the  cathode  capacitor  and 
the  resistor  across  it  is  such  that 
the  capacitor  does  not  appreciably 
discharge  between  successive  line 
synchronizing  pulses.  This  d-c  volt¬ 
age  is  then  proportional  to  the  peak 
value  of  the  i-f  signal  at  the  second 
detector.  It  is  amplified  in  a  d-c 
amplifier  having  the  customary  AVC 
delay  and  impressed  on  the  grid  re¬ 


turns  of  two  of  the  picture  i-f  am¬ 
plifier  tubes  to  control  i-f  gain. 

It  is  obvious  that  this  AVC  cir¬ 
cuit  is  suitable  only  for  negative 
ti’ansmission,  which  is  the  tentative 
standard.  It  would  not  be  suitable 
for  positive  transmission.  An  AVC 
for  positive  transmission  is  more 
complicated  in  its  circuit  arrange¬ 
ment  and  operation. 

With  the  circuit  just  described,  the 


video  signal  appearing  across  the 
diode  resistor  will  remain  substan¬ 
tially  constant  in  amplitude  and  will 
contain  the  d-c  component — that  is, 
black  level  will  always  be  repre.sented 
by  a  certain  definite  voltage  acro.ss 
the  resistor  within  the  limits  of  AVC 
performance  and  receiver  sensitivity. 
If  the  voltage  at  this  point  were  suf¬ 
ficiently  great  in  amplitude  only  a 
single  stage  of  v-f  amplification  would 
be  necessary  before  applying  the  sig¬ 
nal  to  the  grid  of  the  Kinescope. 
This  stage  could  be  arranged  to  am¬ 
plify  the  d-c  component  as  well  as 
the  a-c  components  of  the  video  sig¬ 
nal — that  is,  it  could  be  a  d-c  am¬ 
plifier.  There  are,  however,  several 
limitations  to  using  only  a  single 
stage  d-c  video  amplifier,  such  as  sup¬ 
plying  suitable  voltage  from  the 
power  supply  to  satisfy  the  require¬ 
ments  both  of  the  AVC  and  the  v-f 
amplifier,  and  providing  a  suitable 
video  gain  control. 

In  some  experimental  receivers 
three  stages  of  video  have  been  used 
as  shown  in  the  circuit  diagram.  ( An 
odd  number  of  stages  is  required  to 
obtain  correct  signal  polarity  at  the 
Kinescope  grid.)  Since  it  is  difficult 
to  handle  a  three-stage  d-c  coupled 
v-f  amplifier,  the  d-c  and  low  video 
frequencies  are  removed  by  using  RC 
coupling  between  the  v-f  amplifier 
tubes,  and  the  d-c  and  low  frequency 
components  are  reinserted  at  the  grid 
of  the  third  v-f  amplifier  tube,  as 


will  be  described  later. 

The  video  signal  is  applied  to  the 
first  v-f  tube  through  a  low  pass  fil¬ 
ter.  This  filter  has  a  cut-off  some¬ 
what  above  the  highest  video  fre¬ 
quency  it  is  desired  to  pass.  It  not 
only  improves  the  response  but  it 
also  eliminates  the  i-f  voltage  from 
the  v-f  amplifier. 

The  signal  on  the  grid  of  the  first 
v-f  amplifier  does  not  contain  the  d-c 


component.  In  other  words,  black 
level  no  longer  occurs  at  a  fixed  volt¬ 
age  in  this  grid  circuit;  instead,  the 
tube  operates  about  the  a-c  axis  of 
the  signal.  The  signals  of  Fig.  1  as 
they  appear  with  reference  to  the  a-c 
axis  are  shown  in  Fig.  2.  The  tran¬ 
sition  from  one  condition  to  the  other 
is  not  shown,  but  it  takes  place  at  a 
rate  determined  by  the  low  frequency 
response  of  the  circuits,  in  this  case 
the  RC  circuit  in  the  grid  of  the  first 
v-f  amplifier  tube. 

The  first  v-f  amplifier  tube  has  a 
retsi.stor  and  a  peaking  coil  in  its  plate 
circuit  of  such  values  that  the  re- 
spon.se  will  be  flat  to  the  highest 
video  frequency  it  is  desired  to  repro¬ 
duce.  The  resistor  will  ne;es.sarily 
be  of  fairly  low  resistance,  in  the 
order  of  2500  ohms  or  less,  and  the 
coil  is  of  such  inductance  that  it 
resonates  the  circuit  at  a  frequency 
somewhat  higher  than  the  highest 
video  frequency.  The  RC  in  the  plate 
circuit  is  simply  a  filter  to  eliminate 
hum. 

The  amplifying  tube  should  have 
fairly  high  transconductance  and 
should  be  capable  of  handling  the  in¬ 
put  grid  swing  without  distortion. 

The  second  v-f  amplifier  tube  may 
be  a  remote  cut-off  tube  of  high  tran.s- 
conductance.  The  gain  of  the  v-f  am¬ 
plifier  is  controlled  by  varying  the 
bias  on  this  tube.  This  method  of 
varying  the  gain  has  the  advantages 
that  the  frequency-amplitude  char- 


Fig.  4 — Block  diagram  showing  the  portions  of  the  receiver  thus  far 
described 
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acteristic*  of  the  amplifier  is  very  lit¬ 
tle  affected  by  the  control,  and  that 
the  control  may  be  mounted  wherever 
it  is  convenient  on  the  chassis  with 
little  regard  to  lead  lenjjths.  This 
control  is  known  as  the  “contrast” 
control. 

The  v-f  sijrnal  appearing  at  the 
I)late  of  the  second  v-f  amplifier  tube 
of  course  does  not  contain  the  d-c 
component.  Con-seipiently  the  height 


rent  small  the  grid  resistor  should  be 
large — a  half  megohm  or  more,  de¬ 
pending  on  the  tube  u.sed.  The  bias 
generated  by  the  grid  current  which 
flows  during  the  occurrence  of  the 
synchronizing  i)ulses  is  maintained  by 
the  charge  on  the  grid  coupling  ca¬ 
pacitor,  The  time  constant  of  the 
grid  resistance-grid  capacitor  should 
be  sufficiently  long  to  maintain  the 
bias  substantially  constant  during  the 


of  the  top  of  the  synchronizing  above 
the  a-c  axis  is  not  constant,  but  varies 
in  proportion  to  the  average  amount 
of  white  in  the  picture  being  trans¬ 
mitted.  The  d-c  component  may 
therefore  be  easily  reinserted  in  the 
signal  at  the  grid  of  the  third  v-f 
amplifier  by  operating  the  tube  at 
zero  fixed  bias.  The  operating  bias 
is  then  determined  by  the  d-c  drop 
across  the  grid  resistor  caused  by  the 
grid  current.  To  keep  the  grid  cur- 
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Fig.  5  Circuit  for  restoring  the  d-c 
component  to  the  video  signal 


picture  intervals  between  horizontal 
(line)  synchronizing  pulses,  but  suf¬ 
ficiently  short  to  follow  the  variations 
introduced  by  the  time  con.stant  of 
the  v-f  circuits  preceding  this  point. 
Figure  5  shows  the  operation  of  this 
circuit  in  restoring  the  d-c  component 
to  the  signal  on  the  third  v-f  ampli¬ 
fier  tube  grid.  It  will  be  noted  in 
this  figure  that  grid  current  tlows 
during  the  peaks  of  the  .synchronizing 
pulses,  thus  maintaining  them  at  ap¬ 
proximately  the  zero  bias  point  re¬ 
gardless  of  the  position  of  the  a-c 
axis,  and  that  black  level  therefore 
occurs  again  always  at  the  same  volt¬ 
age  level,  as  it  did  in  the  detector 
diode  circuit  before  the  d-c  compo¬ 
nent  was  lost. 

It  should  be  noted  in  regard  to  the 
foregoing  discussion  that  not  only  the 
d-c  component  is  lo.st  and  then  re¬ 
stored,  but  some  of  the  extremely  low 
video  frequencies  are  likewise  lo.st 
and  restored.  This  is  important  in 
that  the  proce.ss  re.stores  those  low 
frequencies,  and  only  those,  w’hich 
were  lo.st,  while  the  unwanted  ef¬ 
fects  of  hum,  etc.,  unavoidably  intro¬ 
duced  in  the  v-f  amplifier  are  elim¬ 
inated  because  the  v-f  coupling  cir¬ 
cuits  will  not  pass  them.  This  per¬ 
mits  economies  in  the  v-f  amplifier 
which  would  not  otherwise  be  pos¬ 
sible  because  of  the  difficulties  with 


hum,  low  frequency  in.stability,  etc. 

The  signal  appearing  on  the  grid 
of  the  third  v-f  amplifier  tube  is  then 
the  .same  as  that  acro.ss  the  diode 
resistor,  except  that  it  has  been  am¬ 
plified  and  its  polarity  reversed.  This 
tube  may  be  a  triode,  the  most  im¬ 
portant  characteristic  required  is 
that  the  plate  current  be  rather  high 
and  that  it  be  able  to  operate  at  zero 
bias  without  being  damaged.  The 
plate  current  mu.st  be  high  enough  so 
that  sufficient  swing  is  available  for 
the  Kine.scope  grid  with  the  low  plate 
resi.stor  required  for  good  fidelity. 
The  grid  swing  required  on  the  Kine¬ 
scope  is  of  the  order  of  25  volts  peak 
to  peak  or  more.  To  retain  the  d-c 
component  which  has  been  reestab¬ 
lished  the  grid  of  the  Kine.scope  mu.st 
be  directly  (d-c)  connected  to  the 
plate  of  the  third  v-f  amplifier  tube. 

Bias  for  the  Kine.scope  is  supplied 
by  a  potentiometer  between  the  plus 
B  supply  and  ground,  with  the  Kine¬ 
scope  cathode  connected  to  the  arm 
of  the  i>otentiometer.  This  control 
is  known  as  the  “brightne.ss”  control. 

To  protect  the  Kinescope  against 
operation  with  positive  bias  while 
other  tubes  are  warming  up.  one  end 
of  the  “brightness”  potentiometer 
circuit  is  returned  to  ground  through 
the  diodes  in  the  third  v-f  amplifier 
tube.  When  power  is  first  turned  on, 
this  diode  path  is  an  open  circuit, 
and  the  Kinescope  cathode  is  at  full 
plus  B  potential  (285  volts)  regard- 
le.ss  of  the  brightness  control  .setting. 
The  grid  of  the  Kinescope  is  returned 
to  a  slightly  lower  positive  voltage 
(285  volts),  .so  that  the  net  grid 
bias  is  negative  (about  50  volts),  in¬ 
dependent  of  the  brightness  control 
.setting.  Of  course,  when  the  tubes 
are  warm,  the  Kinescope  bias  is  de¬ 
termined  by  the  setting  of  the  bright¬ 
ness  control.  The  advantage  of  us¬ 
ing  diodes  in  the  third  v-f  amplifier 
tube  rather  than  in  some  .separate 
tube  is  that  should  this  tube  be  re¬ 
moved  from  the  circuit  or  fail,  the 
Kinescope  bias  returns  to  50  volts 
negative  automatically,  and  thus  the 
Kinescope  cannot  be  damaged. 

In  this  article  w'e  have  discussed 
the  v-f  detector,  AVC  and  v-f  am¬ 
plifier,  We  have  not  discussed  syn¬ 
chronizing  w’ave  shapes  or  methods 
of  separating  the  synchronizing 
pulses  from  the  composite  television 
signal.  These  phases  of  the  television 
receiver  will  be  discussed  in  the  next 
article  of  the  series. 
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FIG.  1 

The  equiTolent  network  of  a  piexo-electric 
cryitol  and  its  holder 


FIG.  2 

The  Pierce  piezo-electric  oscillator,  in  which 
the  crystal,  X,  is  placed  between  the  grid 
and  the  plate. 


FIG.  3 

The  Miller  piezo-electric  oscillator,  in  which 
the  crystal,  X,  is  placed  between  the  grid 
and  the  cathode 


Frequency  Characteristics 


As  IS  well  known,  the  frequency 
k  generated  by  a  piezo-electric 
oscillator  is  not  entirely  determined 
by  the  mechanical  properties  of  the 
crystal,  but  is  affected,  in  a  small 
degree,  by  the  characteristics  of  the 
associated  circuit.  In  particular,  the 
frequency  is  affected  by  the  grid  and 
plate  resistances  of  the  driving  tube, 
and  by  the  coupling  reactances  in 
the  circuit.  In  other  words,  a  crystal 
oscillator  behaves,  qualitatively,  in 
exactly  the  same  way  as  an  ordinary 
oscillator  having  a  coil  and  condenser 
resonator.  Its  frequency,  for  exam¬ 
ple,  depends  on  the  operating  volt¬ 
ages  on  the  tube,  and  on  the  inten¬ 
sity  of  oscillation.  The  high  rela¬ 
tive  constancy  of  the  frequency  of  a 
piezo-electric  oscillator  is  due  in  part 
to  the  high  selectivity  of  the  resona¬ 
tor  and  in  part  to  the  fact  that  the 
crystal  is  shunted  by  a  condenser. 
The  primary  function  of  the  of  the 
crystal  is  to  supply  inductance.  In 
the  ordinary  crystal  oscillator  the 
crystal  vibrates  off  resonance  as  much 
as  87  degrees. 

The  piezo-electric  crystal,  with  its 
holder,  can  be  treated  as  an  elec¬ 
trical  network  such  as  that  shown  in 
Fig.  1,  in  which  L,  C,  and  K  repre¬ 
sent,  respectively,  the  equivalent  in¬ 
ductance,  capacitance,  and  resist¬ 
ance  of  the  crystal,  regarded  as  a 
series  circuit,  K  is  the  capacitance 
of  the  condenser  formed  by  the  two 
exciting  electrodes  separated  by  the 
crystal  as  dielectric,  and  C,  is  the 
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capacitance  of  the  air  gap  between 
the  upper  electrode  and  the  upper 
surface  of  the  crystal.  The  rasi.st- 
ance  term  has  a  negligible  effect  on 
the  impedance,  and  therefore  the  re¬ 
actance  between  the  points  A  and  B 
can  be  written 

Y 

1  -  Xu  (Co  -t-  K) . 

in  which  X  =  Loi  —  1  Cw.  This  re¬ 
actance  enters  into  the  networks  of 
all  the  usual  piezo-electric  oscillators. 

Two  Piezo-Electric  OHcillatont 

There  are  two  piezo-electric  oscil¬ 
lators  in  common  use,  the  Pierce  cir¬ 
cuit,  shown  in  Fig.  2,  and  the  Miller 
circuit,  shown  in  Fig.  3.  Although 
these  oscillators  appear  to  differ  only 
in  the  connection  of  the  crystal,  they 
are  really  opposite  in  kind,  for  the 
Pierce  circuit  is  properly  classed  as 
a  Colpitts  and  the  Miller,  as  a 
Hartley,  The  basis  for  this  classifi¬ 
cation  will  be  brought  out  in  the 
analysis. 

The  filter  network  equivalent  of 
the  Pierce  oscillator  is  given  in  Fig. 
4.  In  this,  Cf,  represents  the  grid- 
cathode  capacitance  of  the  tube  and 
is  an  essential  element  for  oscillation. 
Cm  represents  the  grid-plate  capaci¬ 
tance,  While  it  is  not  essential  for 
oscillation,  it  plays  an  important  role 


in  the  oscillator.  Obviously,  one  of 
the  shunt  elements  in  this  network 
is  a  capacitance.  Hence  the  other 
shunt  element  must  also  have  the 
reactance  of  a  capacitance,  for  both 
reactances  must  have  the  same  sign. 
In  order  for  the  L,C,  circuit  to  have 
a  negative  reactance  it  is  necessary 
that  its  natural  frequency  be  less 
than  the  frequency  of  oscillation. 
That  this  is  true  is  an  experimental 
fact.  Further,  since  both  the  shunt 
elements  are  capacitance.s,  the  series 
element  must  be  an  inductance,  or 
the  circuit  cannot  o.scillate.  It  fol¬ 
lows  that  the  crystal  must  vibrate 
considerably  above  its  series  natural 
frequency.  Since  this  circuit  has 
shunt  capacitances  and  a  series  in¬ 
ductance,  it  partakes  of  the  distin¬ 
guishing  features  of  the  Colpitts. 

The  filter  network  equivalent  of 
the  Miller  circuit  is  given  in  Fig.  5. 
In  this  oscillator  Cm,  the  grid-plate 
capacitance,  is  esjential  for  oscilla¬ 
tion.  C„  the  grid-cathode  capaci¬ 
tance,  is  not  e.ssential,  yet  plays  an 
important  role.  Obviously,  the  series 
element,  C,„,  in  this  circuit  has  neg¬ 
ative  reactance.  Therefore  if  the 
circuit  is  to  oscillate  at  all,  both  the 
shunt  elements  must  have  positive 
reactance.  The  L,C,  circuit  will  be 
positive  if  its  natural  frequency  of 
resonance  is  greater  than  the  fre¬ 
quency  of  o.scillation.  That  this  is 
the  case  for  this  oscillator  is  an 
observed  fact.  The  other  shunt  re¬ 
actance,  that  between  the  points  A 
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FIG.  4  FIG.  5 

Tha  iiltar  network  equivalent  oi  the  Pierce  oscillator,  showing  The  filter  network  equivalent  of  the  Miller  oscillator,  showing 

that  it  has  the  characteristics  oi  a  Colpitts  oscillator  that  it  has  the  characteristics  oi  a  Hartley  oscillator 


of  Piezo-electric  Oscillators 


and  li,  will  be  positive  if  the  crystal 
vibrateti  slightly  above  its  series  nat¬ 
ural  frequency.  Since  this  circuit 
has  two  shunt  inductance.s  and  a  se¬ 
ries  capacitance,  it  has  the  distin- 
jruishintr  features  of  the  Hartley. 
It  is  to  be  noticed  that  in  this  o.scil- 
lator,  JUS  in  the  Pierce  circuit,  the 
crystal  is  foiced  to  vibrate  at  a  fre¬ 
quency  hijrher  than  its  own  .series 
natural  frerpiency. 

When  a  condenser  of  capjicitance 
(’»  is  connected  Jicross  the  crystal, 


as  is  done  in  both  oscillators,  the 
reactance  of  the  new  combination  is 

=  u,(  C’o  -I-  (.'«)  (1  -  A'a,  (A'To/I  *  ^ 

in  which  C=  C«C„/(Co 4- Cn).  Since 
A',*  must  be  positive,  oscillation  is 
po.ssible  only  within  the  band  of  fre¬ 
quencies  determined  by 

1  1 


K  -t-  Co  ^  A'  -I-  C' 


(3) 


FIG.  6 


Curvet  ehowing  the  variation  in  the  reactance  of  a  crystal  for 
small  changes  in  frequency  above  resonance  and  for  four  dif¬ 
ferent  values  of  shunting  condenser 
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crystal,  and  A/,  the  amount  by  which 
the  frequency  of  oscillation  exceeds 
/o.  If  A/<</o,  (3)  become 


C/o 


2  (A  +  Co)  <  •^/<  ^ 
since  Xio  —  Lm' 


CJ, 


(4) 


The.se  inequalities  can  be  written  in 
a  more  useful  form  in  terms  of  /<,, 
the  series  natural  frequency  of  the 


2  (A  +  C>) 

1  C  =  2lf  Cfo. 

Inequalities  (4)  show’  under  what 
conditions  the  crystal  will  oscillate 
near  its  natural  frequency.  For  a 
crystal  of  fixed  dimensions,  C,  fo, 
and  K  are  fixed,  and  only  C„  and  Cn 
are  subject  to  variation.  Both  should 
be  large  if  the  crystal  is  to  vibrate 
near  resonance.  Co  can  be  made 
infinite  by  letting  the  upper  electrode 
rest  firmly  on  the  crj’stal.  If  that 
be  done  (4)  become 


<  A/< 


Cj. 


(5) 


2(A-hC„)  •• 

For  practical  purposes  this  may  be 
taken  as  the  limitations  on  the  fre¬ 
quency,  unless  Co  is  made  intention¬ 
ally  small.  According  to  (5),  the 
oscillator  will  vibrate  near  the  nat¬ 
ural  frequency  of  the  cry’stal  if  Cn 
is  large. 

It  is  interesting  to  apply  the  re¬ 
sults  in  (4)  to  a  particular  case.  A 
certain  crystal  had  the  following 
values:  L= 162.5  h.,  C=0.044/i^f, 

/„=59,521  cycles  sec.,  i?=6,500  ohms, 
K  =  Sju^f,  and  Co  —  278.5  /x/if.  If  Cn 
is  assumed  to  be  lO/ijuf,  the  frequency 
limits  are  4.6  and  74.2  cycles/sec. 
above  the  crystal  resonance  fre¬ 
quency.  Oscillation  occurs,  as  a  rule, 
within  a  few  cycles  of  the  upper 
limit. 
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When  Co  is  infinite,  equation  (2) 
reduces  to 

"  1  -  A'u,  (K  +  C„) 

= _ _  ,  (■) 

2TMCfo-2:,f{K  +  Cn)]"^  ’ 

This  function  of  A/  has  been  plotted 
in  Fig.  6  for  four  different  values 
of  C„.  It  will  be  noticed  that  the 
larger  C„  is  the  narrower  is  the 
band  in  which  the  reactance  is  posi¬ 
tive.  For  each  value  of  Cn  the  oscil¬ 
lation  will  be  in  the  region  where 
the  curve  is  steep.  Therefore  only  a 
minute  change  in  the  frequency  is 
necessary  to  offset  any  given  small 
change  in  the  reactances  in  the  re¬ 
mainder  of  the  circuit.  It  would 
seem  that  the  frequency  would  be 
more  stable  the  closer  the  operating 
point  is  to  the  point  at  which  the 
reactance  X.t„  becomes  infinite,  but 
common  experience  indicates  that  the 
contrary  is  the  fact.  One  reason  for 
this  discrepancy  undoubtedly  is  that 
the  point  of  discontinuity  shifts.  If 
C„  is  one  of  the  inter-electrode  capac¬ 
itances,  either  Cm  or  C,„  changes  in 
the  location  of  the  point  of  discon¬ 
tinuity  can  be  expected.  Another 
reason  for  the  instability  when  Xah 
is  large  relates  to  the  effect  of  the 
tube  resistances  on  the  frequency. 
This  will  be  discussed  later. 

The  course  of  the  curves  in  Fig.  6 
suggests  a  possible  way  of  improving 
the  stability  of  a  piezo  oscillator. 
It  is  to  use  a  large  value  of  Cn  and 
to  include  the  larger  part  of  it  in  the 
constant  temperature  oven.  To  avoid 
an  excessive  value,  a  tube  could  be 
chosen  which  contributes  as  little  to 
C„  as  possible. 

Expressions  for  Frequency 

The  two  oscillators  are  too  com¬ 
plex  for  complete  analysis.  However, 
useful  approximate  expressions  for 
the  frequency  can  be  obtained.  Thus 
in  Fig.  4  let  the  tank  circuit  be 
equivalent  to  a  condenser  of  capaci¬ 
tance  Cp  and  let  Cj  =  CpCg/{Cp  +  Cg) . 
Then  if  the  resistance  effects  be  ne¬ 
glected,  the  frequency  may  be  ob¬ 
tained  by  letting  Xab  =  l  /Caw,  Xab  be¬ 
ing  taken  from  (2).  Simplification 
leads  to 

, _ JqC  (Cri-fCn-fCj) _ 

-  2[C2(A-t-Cc)-|-(Co-HC„)  (k:+C‘)]  '  ^  ‘  ^ 

Let  the  LiCi  be  tuned  so  close  to  /„ 
that  its  reactance  is  that  of  a  con¬ 
denser  of  2  ppi  and  also  let  Cg  = 
5  pfif.  These  values  make  C»  = 


1.43 /t/if.  If  this  be  inserted  in  (.'<  ), 
together  with  the  values  already 
given  for  the  other  factors,  Af=:69 
cycles  sec.,  and  the  upper  frequency 
limit,  as  given  by  (4),  is  72.8  cycles 
sec. 

An  expression  similar  to  (7)  can 
be  found  for  the  Miller  circuit  in 
Fig.  5  by  letting  the  equivalent  in¬ 
ductance  of  the  L,C,  be  L,,  at  the  fre¬ 
quency  of  oscillation.  Then  the  equa¬ 
tion  for  the  frequency  can  be 
obtained  from  L,,m  i  A',«  =  1 
Simplification  leads  to  the  approxi¬ 
mate  expression 

—  .fof’ K'm  I  g) 

2  +  (t'o-|-nM  A '  >  l!l 

in  which  12=1  —  L,,CmM\  In  this 
case  let  C»,  =  5  ppf  and  let  L,,  =  3.575 
h.,  an  inductance  which  has  the 
same  absolute  value  of  reactance  at 
/„  as  2  ppf.  Substitution  of  these 
values,  together  with  those  previously 
given,  yields  A/  =  69  cycles/.sec.  That 
is,  for  similar  conditions,  the  amount 
of  detuning  is  the  same  for  both 
oscillators. 

When  the  detuning  is  Aco  radians 
and  the  phase  angle  is  </>,  tan  <f>  = 
2LA<.)  R,  provided  that  Aco<<o)„. 
Thus  when  A/  =  69  cycles  .sec,  tan  0 
=  21.7,  and  4>  =  87.4  degrees.  There¬ 
fore  even  when  the  crystal  vibrates 


CARRIER  TELEGRAPH  BY 
ELECTRONIC  ORGAN 


To  illuilrote  the  principle  of  carrier 
teleqraph  using  audio  frequency 
carriers,  a  Hammond  Electronic 
organ  was  recently  employed  by 
Western  Union  as  the  carrier  gen¬ 
erator.  New  equipment  now  carries 
96  telegraph  messages  on  a  single 
pair,  using  audio  tone  generators 
as  the  carrier  sources 


as  close  as  69  cycles  to  resonance  the 
detuning  is  almost  complete. 

Because  the  oscillators  are  .so  com¬ 
plex,  explicit  expressions  for  the  fre¬ 
quency  cannot  be  found,  but  useful, 
implicit  relations  are  easily  obtained. 
For  the  Pierce  circuit,  let  the  re- 
jictance  of  the  LiC,  circuit  be  equal 
to  that  of  a  conden.ser  C,„  and  let  the 
reactance  of  the  crystal  be  that  of  an 
inductance  Lr.  With  the.se  values  the 
solution  of  the  circuit  yields 


in/ 

/x  <'p\ 

^  ) 

*  CgV 

>1  ) 

For  the  Miller  circuit,  let  the  reac¬ 
tance  of  the  tank  be  that  of  an 
inductance  and  let  the  reactance 
of  the  crystal  be  that  of  another 
inductance  L.r.  With  these  assump¬ 
tions  the  solution  of  the  circuit  gives 


(  1  +  )  +  /- J  ( 

1  t  ) 

\  rpj  \ 

'V/ 

. (  10) 

In  the.se  eciuations,  (9)  and  (10). 
r,,  and  r,,  are  the  grid  and  plate  resis¬ 
tances,  respectively,  and  R  is  the  re¬ 
sistance  in  the  resonator  mesh. 

In  equation  (9)  the  bracketed 
quantity  is  subject  to  little  variation 
becau.se  the  terms  involving  resis¬ 
tances  are  small.  Most  of  the  varia¬ 
tion  in  the  frequency  is  due  to  the 
last  term.  All  the  factors  aic 
variables  to  some  extent,  and  when 
Cp  is  very  small  the  term  is  largt. 
Hence  the  percentage  variation  is 
larger  the  nearer  the  tank  circuit  is 
to  resonance.  It  will  be  noticed  that 
the  frequency  increa.ses  as  the  tank 
circuit  is  tuned  toward  resonance. 

In  equation  (10)  also  there  is  lit¬ 
tle  variation  in  the  bracketed  (luan- 
tity  becau.se  the  terms  involving 
resistances  are  small.  And  again  most 
of  the  variation  is  due  to  the  last 
term,  for  it  becomes  relatively  large 
as  Lp  increases,  and  hence  as  the 
tank  circuit  is  tuned  toward  reson¬ 
ance.  In  this  case  the  fre(iuency  de¬ 
creases  as  re.sonance  is  approached. 

Both  formulas  show  that  the  fre¬ 
quency  .stability  can  be  improved  hy 
making  the  grid  and  plate  resistance.- 
high.  It  is,  of  course,  not  possible  to 
make  Vp  infinite,  but  this  limitation 
is  not  impo.sed  on  r„.  It  is  po.ssible  to 
make  it  very  large,  and  when  this 
is  done  most  of  the  frequency  varia¬ 
tion  with  changes  in  operating  volt¬ 
ages  is  eliminated. 
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SchemaKc  wiring  diagram  of  remote  amplifier  at  WBNY 


THK  radio  station,  where  a  irreat 
number  of  outside  pickups  form  a 
larjre  part  of  the  daily  operations 
schedule,  must  l)e  etjuipited  with  a 
sufficient  (|uantity  of  hi>rh  quality  am¬ 
plifiers.  Commercial  amplifiers  meet 
practically  every  broadcast  demand 
but  are  often  rather  costly.  The  am- 
plifier.-:  de.scril)ed  in  this  article  have 
been  constructed  at  moderate  cost  an  1 
have  triven  faultless  service  at  WBNY 
for  over  one  year.  They  compare 
favorably  with  and  in  .some  aspects 
exceed,  the  characteristics  of  commer¬ 
cial  amplifiers. 


ctical  Remote 
Amplifiers 


By  ROBERT  W.  CARI^SON 

\\H\y.  Huffalo 


Front  panol  of  large  amplifier  unit. 
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Amplifiers  of  two  sizes  have  been 
built  and  the  circuit  shown  is  essen¬ 
tially  the  same  for  both.  The  first  two 
stages  use  6J7’s  as  pentodes.  A  6F6 
in  the  output  .stajre  is  operated  as  a 
triode.  The  jrain  in  the  first  stajre  of 
the  larger  amplifier  was  increased  to 
compensate  for  the  larger  loss  in  the 
three-channel  mixer.  Both  amplifiers 
are  nineteen  inches  wide  and  six 
inches  deep;  one  is  nine  inches  high, 
the  other  fourteen  inches.  The  panels 
and  chassis  are  con.structed  of  16 
gauge  sheet  aluminum.  The  front 
lay-outs  were  made  as  symmetrical  as 


possible,  and  with  panels  finished  in  a 
grey  crackle,  they  present  a  fairly 
professional  appearance. 

The  frequency  response  is  plus  or 
minus  1  db  from  40  to  10,000  c.p.s. 
The  overall  gain  is  about  105  db  in¬ 
cluding  mixers  and  output  pad.  The 
hum  level  is  down  50  db  at  zero  level. 
Total  filament  current  is  0.9  amperes 
and  the  “B”  battery  drain  is  25  milli- 
amperes.  Input  channels  have  an  im¬ 
pedance  of  250  ohms.  The  output 
transformer  works  into  a  5  db  pad, 
having  500-ohm  input  and  500-ohm 

(Continueil  on  page  .V>) 


A  Laboratory  Television  Receiver— II 


Second  in  the  series  of  articles  describing  Electronics^  television  equipment,  designetl  for 
professional  use.  Details  of  the  construction  of  the  cathode-ray  tube  iiiouiitt.  bleeder 
circuits,  and  horizontal  scanning  current  generator 


By  DONALD  G.  FINK 

Managing  Editor,  Electronico 


The  problem  of  mounting  a  cath¬ 
ode  ray  tube  for  television  is  com¬ 
plicated  by  the  length  of  the  tube, 
with  the  result  that  vertical  mounting 
has  been  adopted  in  most  instances.  In 
a  rack-and-panel  assembly,  however, 
horizontal  mounting  is  to  be  pre¬ 
ferred  for  structural  reasons,  and  in 
addition  it  permits  viewing  the  image 
directly  from  the  end  of  the  tube. 
Accordingly  the  arrangement  shown 
in  Fig.  1  was  adopted.  It  consists 
of  a  23-inch  chassis,  made  of  non¬ 
magnetic  material,  supported  by 
brackets  from  a  standard  rack  panel. 
A  square  panel  of  ply-wood  in  which 
a  9J-inch  circular  opening  is  cut, 
receives  the  face  of  the  tube.  A  flat 
brass  strip  is  screwed  against  the 
rim  of  the  opening,  and  covered  with 
a  layer  of  felt  weather-stripping  to 
protect  the  edge  of  the  tube.  The 
plywood  panel  is  supported  from  the 
chassis  by  angles  made  of  brass  strip. 
The  socket  for  the  kinescope  is  sup¬ 
ported  from  the  chassis  by  stand-off 
insulators,  although  metal  construc¬ 
tion  can  be  used  equally  well.  The 
scanning  yoke  is  supported  from  the 
chassis  (to  remove  its  weight  from 
the  tube,  not  strictly  necessary)  by 
a  fiber  rod  fitted  into  a  brass  tube. 
The  connection  to  the  second  anode 
terminal  (at  right.  Fig.  1)  is  made 
through  a  piece  of  hollow  fiber  tub¬ 
ing,  cut  obliquely  at  the  top  to  fit 
the  tube  surface,  and  supported  at 
the  chassis  by  a  collar,  similar  to 
those  used  for  mounting  electrolytic 
condensers.  The  tube  slides  through 


Fig.  1 — Side  view  of  the  c<ithode-ray  tube  mount.  The  icanning  current 
generators  are  at  the  rear  oi  the  chassis 


this  collar  into  a  hole  in  the  chassis, 
thus  giving  access  to  the  second  anode 
terminal  for  disconnecting  the  clip. 

The  front  panel,  through  which  the 
tube  face  is  viewed  (top.  Fig.  2),  ih 
a  standard  loudspeaker  panel,  hav¬ 
ing  a  ten-inch  hole.  Over  the  open¬ 
ing  is  mounted  a  piece  of  duplate 
shatterproof  glass,  one  foot  square, 
drilled  at  the  corners  and  fitted  over 
bolts  tapped  into  the  panel.  Cork 
washers  and  thumb  screws  fasten  the 
glass  securely.  The  purpose  of  the 
shatterproof  plate  is  protection 
against  flying  glass  in  the  event  that 
the  tube  “implodes”.  It  is  wise  to 
handle  the  kinescope  only  when  wear¬ 
ing  shatterproof  goggles,  for  the 
same  reason.  The  total  air  pressure 
on  the  tube,  it  must  be  remembered, 
is  about  3  tons. 

The  connections  to  the  cathode- ray 


tube  itself  are  shown  in  Fig.  3  and 
the  arrangement  of  the  various  cir¬ 
cuit  parts  is  shown  in  F.g.  4.  Refer¬ 
ring  to  Fig.  3,  it  will  be  .seen  that 
the  bleeder  resistor  consists  of  five 
separate  parts.  About  70  per  cent 
of  the  voltage  is  taken  by  the  fixed 
resistor  R„  which  in  the  prei'^nt  ca.se 
consi.sts  of  15  70,000-ohm  units 

mounted  on  a  laminated  bakelite  strip 
and  connected  in  series,  the  whole 
having  a  resistance  of  about  l.OS 
megohms.  This  resistor  has  never 
given  trouble,  and  since  resistor  units 
are  cheap,  it  is  advi.sed  that  15  units 
be  employed.  Ten  units  of  110,000 
each  will  serve,  but  fewer  than  ten 
is  apt  to  impose  too  high  a  voltage  on 
each  unit.  The  wattage  dissipation 
of  Ri  is  about  15  watts  at  maximum 
voltage,  so  that  one- watt  units  will 
suffice  if  15  units  are  employed.  H 
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a  tuned  filter  (see  Part  I,  July  issue)  Fig.  4,  on  which  the  scanning  gen- 
is  used  in  the  high-voltage  power  erator  controls  are  mounted.  The 
supply,  all  the  resistance  values  in  heater  current  is  obtained  from  the 
Fig.  3  should  be  multiplied  by  a  fac-  scanning  power  supply  chassis, 
tor  of  5,  thus  reducing  the  bleeder  The  cost  of  parts,  including  all 
current,  and  avoiding  hum  difficul-  mounting  members,  bleeder  circuit 
ties.  With  the  2  /if  capacitor  filter  components,  and  the  cathode  ray  tube 
de.scribed  in  the  previous  article,  the  itself,  was  $84.54,  at  customary  trade 
values  shown  in  Fig.  3  give  highly  di.scounts.  The  cost  of  the  tubes  and 
satisfactory  performance.  components  in  the  two  scanning  cur- 

The  potentiometer  R„  the  focus  rent  generators,  including  the  yoke, 

control,  is  a  conventional  carbon-ele-  $44.33,  making  a  cost  of  about 

ment  100,000  ohm  linear  volume  con-  $129  for  all  parts  in  Figs.  1,  2  and  4. 
trol;  Kt  is  three  50,000-ohm  1-watt  cathode-ray  tube  and  bleeder 

units  in  .series,  R,  one  75,000  ohm  circuits  may  be  te.sted  before  the 
unit,  and  Rt^  the  brightness  control,  .scanning  circuits  are  built,  if  desired, 
is  a  20,000-ohm  wire-wound  linea**  following  procedure:  The 

volume  control.  power  supply,  including  the  heater 

The  arrangement  of  the  circuit  current,  is  turned  on  with  the  high 
parts  is  show’n  in  Fig.  4.  Resistors  voltage  auto-translormer  control  set 
R„  Ri,  Rt,  and  R^  are  mounted  on  a  about  2500  volts.  The  bright- 
laminated  bakelite  strip,  with  a  mini-  control  Ri  (Fig.  3)  is  set  with 

mum  spacing  of  »  inch  to  the  chassis  potentiometer  slider  at  its  most 

ground.  Rn  and  are  controlletl  negative  position  ( making  contact 

through  six-inch  lengths  of  bakelite  "’ith  the  ground  terminal).  The  fo- 
rod,  which  provide  the  necessary  in-  control  is  set  at  the  middle  of  it-i 

sulation.  The  resistor  A’,  is  mounted  range.  The  brightness  control  is 
on  2-inch  porcelain  stand-off  insula-  then  advanced  slowly  from  its  most 
tors,  the  high  potential  end  l)eing  negative  position.  The  fiuorescent 
separated  by  at  least  li  inches  from  should  not  appear  until  the 

ground  at  all  points.  The  lead  to  the  brightness  control  i caches  nearl\ 
second  anode  terminal  of  the  tube  mid.scale  position.  The  .spot  should 
travels  directly  from  the  high  poten-  kept  at  a  brilliance  just  \isible 
tial  end  of  the  bleeder  through  the  dimly  lighted  room,  to  avoid 

fiber  tubing  at  the  right  in  Fig.  1.  burning  the  screen.  Adju.stment  of 
The  leads  from  the  bleed  resistors  ^^e  focussing  control  may  then  be 
to  the  socket  terminals  of  the  kine-  niade  to  bring  the  spot  into  sharpest 
scope  are  conducted  through  fiber  focus.  The  procedure  may  then  be 
tubes,  one  shown  vertically  to  the  left  repeated,  using  the  full  second  anode 
of  the  center  in  Fig.  4,  the  other  at  voltage  of  5500  volts,  taking  care  to 
the  left  in  Fig.  1.  The  first  anode  reduce  the  brightness  control  to  pro¬ 
lead  is  further  encased  in  a  sheath  duce  a  barely  visible  spot.  The  sharp- 
of  “spaghetti’'  tubing.  The  fiber  ness  of  focus  should  be  appreciably 
tubing  passes  directly  through  the  better  with  the  full  high  voltage  than 
bakelite  panel,  shown  edgewise  in  with  one-half  the  full  value.  The 


fig.  3 — Bleeder  circuit  connectioni.  R,  is  the  focus  control.  R,,  the 
brightness  control 
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Fig.  2 — Front  view  of  the  two 
panels  comprising  the  cathode-ray 
tube  mount.  The  tube  is  protected 
by  a  plate  of  shatterproof  glass. 
The  brightness  and  focus  controls 
are  at  the  top,  the  four  horisontal 
sweep  controls  at  the  bottom 


/  »  •  » 


Fig.  4 — Bottom  view  of  the  chassis. 

The  bleeder  components  are  behind 
the  bakelite  extension  shafts.  The 
scanning  circuits,  above,  are 
controlled  by  ten  potentiometers 
grouped  on  a  bakelite  panel 

.spot  should  be  from  .Ath  to  .I’and  inch 
in  diameter  at  sharpest  focus,  and 
its  position  should  not  be  further 
than  i  inch  from  the  center  of  the 
screen,  measured  horizontally,  other¬ 
wise  the  picture  will  be  off  center 
by  an  amount  which  cannot  be  cor¬ 
rected  by  the  centering  control.  If 
the  focus  control  does  not  bring  the 
spot  into  focus,  it  may  be  necessary 
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adjusted  from  34,000  cps  to  3600  cps. 
The  proper  adjustment,  13,230  cps. 
occurs  near  the  midscale  position  of 
the  control.  The  control  in  the 
plate  circuit  of  the  triode  section 
of  the  6N7,  controls  the  amplitude  of 
the  output  by  adjustin^r  the  plate  load 
and  the  plate  voltajire.  By  adjusting 
this  control,  with  the  power  supply 
voltages  shown,  the  voltajfe  across  the 
horizontal  deHectin^  coils  may  be  ad¬ 
justed  from  about  190  volts  to  23(1 
volts,  measured  from  peak  to  jK‘ak 
of  the  output  voltatre  waveform  (  Fiy. 
7).  A  value  of  about  200  volts,  peak 
to  peak,  suffices  to  detlecd  the  kine- 
.scope  spot  from  edjEC  to  ed^e  of  the 


Fig  6 — Horizontal  scanning  generator  diagram 


dred  thousand  cycles  per  second.  The 
transformer  used  is  manufactured  by 
the  RCA  Manufacturing  Company 
especially  for  the  purpose,  under  the 
number  9835.  The  grid  of  the  o.scil- 
lator  triode  is  in  series  with  a  con¬ 
denser  which  is  charged  by  the  first 
few  oscillations,  thus  blocking  the 
tube.  The  charge  from  the  condenser 
leaks  off  through  resistors  R.,  and  R:. 
at  a  rate  determined  by  the  R  and  C 
values,  thus  gradually  restoring  the 
amplitude  of  oscillation.  The  envel¬ 
ope  of  these  oscillations  is  thereby 
given  an  appro.ximately  saw-tooth 
shape.  The  oscillations  are  then  de¬ 
modulated  in  the  other  triode  of 
the  6N7,  and  the  envelope  is  em¬ 
phasized,  relative  to  the  oscillations 
themselves,  by  the  0.001  shunting 
condenser  between  plate  and  ground. 
As  an  alternative  to  the  blocking  os¬ 
cillator,  a  multivibrator  may  be  used. 
Such  a  circuit  has  been  described  by 
Wilder  in  QST,  page  26,  April,  1938. 

The  envelope  is  thereafter  ampli¬ 
fied  by  the  resistance-capacitance 
coupled  6L6,  and  applied  to  the  output 
transformer  T-.  The  transformer 
used  depends  upon  the  scanning  yoke 
employed.  Two  magnetic  deflecting 
yokes  are  available  on  the  market, 
those  manufactured  by  the  Kenyon 
Transformer  Company  and  the  RCA 
Manufacturing  Company.  These 
companies  manufacture  a  trans¬ 
former  Tj  for  use  with  the  corre¬ 
sponding  yoke. 

In  the  circuit  shown  in  Fig.  6,  four 
variable  controls  are  shown.  R»  and 
i?7,  in  the  blocking-oscillator  grid  cir¬ 
cuit,  control  the  grid  discharge  rate 
and,  consequently,  the  frequency  of 
the  envelope  of  the  oscillations.  By 
varying  R„  and  R,  from  minimum  to 
maximum  resistance,  the  frequency  of 
the  output  saw-tooth  current  can  be 


to  raise  or  lower  the  position  of  R. 
in  the  bleeder  by  adding  resistance 
to  i?,  and  subtracting  the  same 
amount  from  /?.„  or  vice  versa. 


Details  of  the  horizontal  ftcanniiig 
generator 

Of  the  two  scanning  generators, 
the  simplest  from  the  standpoint  of 
controls  is  the  horizontal  generator. 
This  generator  is  intended  to  produce 
a  current  of  saw-tooth  waveform,  at 
a  frequency  of  13,230  cps,  and  of  a 
peak  amplitude  at  maximum  operat¬ 
ing  conditions,  of  about  200  milli- 
amperes.  This  current  passes  through 
the  horizontal  deflecting  coils  of  the 
scanning  yoke,  and  causes  the  fluor¬ 
escent  spot  to  scan  the  horizontal 
lines  in  the  image. 

The  connections  of  the  horizontal 
generator  are  shown  in  Fig,  6,  w’hile 
the  arrangement  of  parts,  including 
the  vertical  generator,  is  shown  in 
Figs.  4  and  5.  Referring  to  Fig.  6, 
the  circuit  consists  of  two  basic  parts, 
a  blocking  oscillator  utilizing  a  6N7 
twin-triode,  and  a  power  amplifier  us¬ 
ing  a  6L6.  The  latter  tube  seems  to 
satisfy  the  problem  most  satisfactor¬ 
ily  from  the  standpoint  of  economy. 
Two  type  42  tubes  connected  in  par¬ 
allel  might  be  used,  and  a  type  807 
gives  highly  satisfactory  perform¬ 
ance  but  is  considerably  more  expen¬ 
sive  than  the  6L6.  A  third  tube, 
a  type  IV  rectifier,  is  used  to  modify 
the  wave  shape  of  the  output  current 
of  the  6L6,  as  illustrated  in  Figs. 
7  and  8. 

The  blocking  oscillator  functions  as 
follows :  one  triode  of  the  6N7  is  con¬ 
nected  as  a  feedback  oscillator,  the 
feedback  energy  being  carried 
through  the  transformer  T,.  This 
transformer  must  allow  a  high  fre¬ 
quency  of  oscillation,  several  hun¬ 


Fig.  5  —  Scanning-generator  tubes, 
transiormers,  and  yoke.  The  tubes 
are,  rear  row,  6N7  horizontal  block 
ing  oscillator,  6L6  horizontal  ampli¬ 
fier,  IV  damping  tube:  front  row. 
6N7  vertical  blocking  oscillator,  6C5 
vertical  amplifier 


Screen  when  the  second  anode  volt¬ 
age  is  5500  volts. 

The  fourth  control  is  the  centei  inK 
control,  R«,  shown  connected  to  the 
output  transformer  secondary  and  the 
deflecting  coils.  The  entire  plate  cur¬ 
rent  supply  of  the  generator  is  caused 
to  pass  through  this  resistor.  The 
deflecting  coil  and  transformer  sec¬ 
ondary,  in  series,  are  shunted  a  ross 
part  of  the  resistor,  to  the  left  or 
right  of  the  center-tap  as  .shown.  Con¬ 
sequently  a  direct  current  is  p.i-s-'Cd 
through  the  yoke,  sufficient  to  dis¬ 
place  the  center  of  the  scanning'  nio- 
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tion  left  or  rijfht  by  about  one-half 
inch,  when  the  second  anode  voltaKe 
is  5500  volts.  A  further  shift,  if 
necessary,  may  be  obtained  by  shunt¬ 
ing  a  resistance  from  the  terminal 
marked  B —  to  •  250  volts,  thereby 
increasinj;  the  current  throuKh  K,., 
and  incidentally  increasing  the  load 
on  the  power  supply. 

An  essential  part  of  the  circuit 
shown  in  Fijr.  6  is  the  dampinjr  cir¬ 
cuit  consisting  of  a  IV'  rectifier  (with 
5  volts  on  the  heater)  in  series  with 
a  shunt  combination  of  .‘1500  ohms 
and  0.‘25  /*f.  The  use  of  the  dampin>r 
circuit  is  illustrated  in  F'i>r'<.  7  and  8. 
With  the  rectifier  out  of  the  socket. 


Fiq.  7  -OtcilloqramB,  taken  on  test 
oscilloscope,  of  eoltaqe  appearinq 
across  horisontal  deilectinq-coil 
terminals.  Above,  with  IV  damp- 
mq  rectifier  removed,  serious  "over- 
shootinq"  occurs  below  time  axis. 
Below,  with  IV  in  place,  the  unde¬ 
sired  oscillation  is  reduced  to  a 
neqliqible  amount 

the  inductance  reflected  by  the  trans¬ 
former  T_  and  the  defiectinjr  coil-;  to 
the  plate  circuit  of  the  6L6  is  suffi¬ 
cient  to  cause  a  spurious  o.scillation 
at  the  base  of  each  voltage  pulse.  The 
rectifier  and  RC  combination  ab.sorb 
thi.<  unwanted  “overshoot”  to  the  ex¬ 
tent  shown  in  Fijr.  7.  The  slijrht 
residual  oscillation  at  the  base  of  the 
pulse  is  of  no  consequence.  Adjust¬ 
ment  ot  the  value  of  the  resistor  in 
the  R('  combination  may  be  desirable 
to  obtain  optimum  absorption.  It  is 
not  worth  while,  however,  to  bring 
this  resistor  out  to  a  control  on  the 
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front  panel.  The  IV  tube  is  sub¬ 
jected  to  considerable  voltage  stress, 
since  the  voltage  induced  in  the  out¬ 
put  transformer  primary  by  the  sud¬ 
den  changes  in  current  may  reach 
very  high  values  on  peaks.  The 
voltage  also  subjects  the  tube  ele¬ 
ments  to  considerable  mechanical  vi¬ 
bration,  which  may  be  audible  as  a 
l.‘t,()00-cycle  hiss.  The  same  peak  volt¬ 
age  stresses  are  applied  to  the  6L6. 
but  apparently  do  not  cause  trouble. 
In  this  connection  it  is  wise  to  use-one 
of  the  newer  fiLfi  tul)es  which  have 
a  “button-press”  stem  in  the  base. 

Due  to  the  inductance  present  in 
the  deflecting  coil,  the  voltage  wave¬ 
form  is  appreciably  different  from 
the  current  waveform.  Consequently 
the  voltage  waveform  taken  directly 
from  the  deflecting  coil  terminals  does 
not  have  a  saw-tooth  form,  and  is  of 
interest  only  because  it  is  easy  to 
obtain  by  connecting  terminals  of  an 
oscilloscope  directly  to  the  coil.  T(* 
obtain  some  idea  of  the  saw-tooth 
wave  it.self,  it  is  necessary  to  measure 
the  voltage  drop  across  a  resistance 
in  .series  with  the  detlecting  coil.  In 
obtaining  Fig.  8.  a  resistance  of  IfiO 
ohms  was  u.sed,  to  provide  sufficient 
voltage  (about  25  volts)  for  direct 
deflection  of  the  o.scillo.scojie.  This 
resistance  disturbs  the  deflecting  cir¬ 
cuit  considerably,  but  allows  .some 
idea  of  the  wave-form  to  l)e  obtained. 


length  of  line  should  be  about  equal 
to  the  diameter  of  the  kinescope 
screen  when  scanning  at  13,230  cps 
(with  5500  volts  on  the  kine.scope), 
and  its  width  should  be  about  1  50 
of  an  inch  at  sharpe.st  focus. 

To  test  the  .synchronizing  of  the 
.scanning  generator  circuit,  the  output 
of  a  beat  frequency  oscillator  is  con¬ 
nected  to  the  .sync  input  terminals 
shown  in  Fig.  6.  The  beat  o.scillator 
is  adjusted  to  20  volts  output  at 
about  13.200  cps,  and  the  frequency 
controls,  R.,  and  adju.sted  until  the 
.scanning  generator  locks  in  with  the 
beat  oscillator. 

The  action  of  the  control  grid  of 
the  kine.scope  may  also  be  tested  by 
connecting  the  output  of  the  beat  os¬ 
cillator,  operated  at  13,200  cycles,  to 
the  terminals  marked  “signal”  in  Fig. 
3.  The  .synchronizing  input  is  fed 
simultaneously  from  the  beat  o.scilla¬ 
tor.  When  .so  connected,  the  kine¬ 
scope  should  produce  a  fluore.scent 
line  who.se  length  is  approximately 
one  half  the  full  length  of  the  line 
when  no  signal  is  applied  to  the  con¬ 
trol  grid.  This  follows  from  the  fact 
that  the  20  volt  signal  is  sufficient 
to  blank  out  the  line  d.uring  the  neg¬ 
ative  half-cycle,  while  maintaining 
synchronism  with  the  .scanning  cur¬ 
rent.  Loss  of  synchronism  in  the 
.scanning  circuit  is  very  easily  deter¬ 
mined  by  noting  the  length  of  the 


I  yi/i/iAAt 


Fiq.  8 — Oscilloqrams  oi  the  scanninq  current,  taken  across  100  ohms 
resistance  in  series  with  horizontal  deflectinq  coil.  Riqht,  without 
rectifier,  left  with  IV  in  circuit  Sliqht  non-linearity  in  curve  at  left 
due  to  presence  oi  measurinq  resistance 


The  effect  of  omitting  the  rectifier 
damping  circuit  is  to  place  a  small 
plateau  about  half-wave  up  the  for¬ 
ward  slope  of  each  saw-tooth,  as 
shown  in  Fig.  8.  The  effect  of  this 
plateau  is  seen  as  a  bright  vertical 
line  in  the  middle  of  the  image,  ac¬ 
companied  by  serious  geometrical  dis¬ 
tortion  on  either  side. 

The  horizontal  generator  may  be 
tested  by  following  the  procedure 
previously  given  for  obtaining  the 
fluore.scent  spot,  and  by  applying  the 
deflecting  current  to  the  proper  coil 
in  the  yoke.  The  spot  should  assume 
the  form  of  a  straight  line  when  the 
.scanning  generator  is  turned  on.  The 


fluorescent  line  which  is  produced. 

The  wave-form  of  the  output  of 
the  .scanning  generator  may  be  easily 
checked  by  connecting  the  test  oscil¬ 
loscope  to  the  deflecting  coil  termin¬ 
als,  or  to  a  resistance  in  .series  with 
the  deflecting  coils.  The  beat  o.scilla¬ 
tor  may  be  u.sed  to  synchronize  the 
o.scilloscope  and  the  scanning  gener¬ 
ator  simultaneou.sly.  In  that  event, 
the  pattern  on  the  oscillo.scope  will 
remain  stationary,  .so  long  as  the 
scanning  generator  is  in  .synchronism 
with  the  beat  o.scillator. 

The  next  article  in  this  series  will 
describe  the  vertical  .scanning  gener¬ 
ator  and  sync  separator  circuits. 
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Engineering  Electronics 

By  Donald  G.  Fink,  Managing  Editor 
McGraw-Hill  Book  Co.,  Inc.,  N.  Y.,  1938 
(358  pages,  216  illu8t7'ations.  Price 
$3.50). 

In  the  words  of  the  author  “this  book 
has  been  written  to  meet  the  needs  of 
the  practicing  engineer  who  has  a  good 
foundation  in  electricity,  but  who  has 
no  specific  training  in  electronic  con¬ 
cepts  and  methods — the  author  has  at¬ 
tempted  to  steer  a  course  between  sim¬ 
ple  descriptions  of  equipment  on  the 
one  hand  and  elaborate  technicalities 
on  the  other.  It  is  hoped  that  the  book 
will  serve  not  only  for  the  practicing 
engineer  but  also  for  the  student  who 
wishes  to  orient  himself  in  the  field 
before  undertaking  advanced  courses. 
For  such  purposes  the  book  is  adapt¬ 
able  to  an  introductory  course  for  junior 
or  senior  college  students  in  general 
electrical  engineering  curricula.” 

The  subject  matter  of  the  book  is  very 
well  organized  and  presented  in  such  a 
logical  manner  that,  although  intended 
primarily  for  use  in  advanced  courses 
in  Engineering  or  Physics,  it  could,  the 
reviewer  believes,  very  well  be  used  as  a 
text  even  in  the  sophomore  year.  Since 
no  advanced  mathematical  treatment  is 
employed,  the  student  who  understands 
high-school  algebra  and  trigonometry 
will  have  no  difficulty  in  following  the 
explanations  and  arguments.  He  must, 
however,  either  have  or  acquire  an  un- 

•  •  • 

PHOTOTUBE  CONTROLS 
MILLING  MACHINE 


This  milling  machine,  invented  by 
a  Russian  engineer,  machines  stock 
in  accordance  with  a  drawing 
placed  in  a  photo-electric  control 
mechanism.  Tests  have  shown  that 
complicated  contours  may  be  milled 
accurately  entirely  without  the  aid 
of  an  operator 


derstanding  of  curves  plotted  on  loga¬ 
rithmic  scales  as  such  are  quite  com¬ 
monly  used. 

Part  I  consists  of  about  90  pages  de¬ 
voted  to  what  the  author  terms  “Physi¬ 
cal  Electronics”,  more  commonly  known 
as  electron  physics.  This  section  gives 
a  very  clear  description  of  such  funda¬ 
mentals  as  are  necessary  for  proper 
understanding  of  what  is  to  follow  in 
Parts  II  and  III.  For  example,  such 
subjects  as  the  properties  of  the  elec¬ 
tron,  the  various  types  of  electron  emis¬ 
sion  from  solids,  the  different  means 
and  methods  of  controlling  electron 
flow  in  a  vacuum  and,  in  the  final  chap¬ 
ter  of  this  section,  the  more  elementary 
factors  of  gaseous  conduction  of  elec¬ 
tricity  are  discussed. 

Part  II — “Electron  Tubes”  (approxi¬ 
mately  130  pages)  is  devoted,  as  the 
name  implies,  to  a  description  of  the 
structure  and  essential  characteristics 
of  the  various  types  of  electron  tubes, 
including  thermionic  vacuum  tubes,  gas- 
filled  thermionic  tubes,  photosensitive 
tubes  and  cells,  electronic  sources  of 
light,  and  specialized  electron  tubes. 
The  chapters  covering  the  first  three 
of  the  above  types  of  tubes  are  well 
illustrated  with  diagrams,  curves,  and 
circuits  and  are  sufficiently  complete 
to  give  the  reader  a  reasonable  work¬ 
ing  knowledge,  at  least,  to  the  extent 
and  for  the  purpose  intended  as  indi¬ 
cated  in  the  preface.  The  other  two 
general  types  are  not  treated  in  similar 
detail,  and  properly  so,  since  the  sub¬ 
jects  are  of  less  general  application 
but  enough  is  given  to  afford  the  reader 
a  general  knowledge  of  what  the  vari¬ 
ous  specific  types  are  and,  very  briefly, 
the  principles  involved  in  their  opera¬ 
tion.  To  do  more  would  obviously  re¬ 
quire  going  beyond  the  scope  which  the 
author  set  for  himself. 

In  Part  III  “Electron  Tube  Applica¬ 
tions”  (approximately  100  pages)  the 
author  deals  in  four  chapters  with  the 
elements  of  circuit  theory  as  applied 
to  electron  tubes,  power  transformation 
circuits,  electronic  communication  cir¬ 
cuits,  and  industrial  control  and  meas¬ 
urement  circuits.  The  first  three  of 
these  are  treated  with  the  clarity  and 
consciousness  consistent  with  that  of 
foregoing  sections  of  the  book,  but  it  is 
the  reviewer’s  opinion  that,  in  view  of 
the  diversity  of  application  of  electron 
tubes  in  the  industrial  field  and  of  the 
tendency  toward  rapid  growth  in  this 
direction,  justice  is  scarcely  done  to  the 
subject  of  the  final  chapter. 

At  the  end  of  each  chapter  is  given 
a  fairly  complete  bibliography  insofar 
as  published  books  are  available.  There 
are  relatively  few  references  to  publica¬ 
tions  in  other  form. 

Each  chapter  is  also  supplemented 


with  a  list  of  problems  which,  though, 
in  general,  are  scarcely  of  the  type  to  be 
met  in  practice  by  the  engineer,  do 
nevertheless  illustrate  the  fundamental 
principles  involved  quite  well. 

A  desirable  feature  in  one  of  the 
.4ppendices  at  the  end  of  the  book  is  a 
list  of  all  the  definitions  of  electronic 
terms  which  have  been  standardized  by 
sectional  committees  of  the  American 
Standards  Association  and  which  are 
now  awaiting  final  approval  by  that 
body.  These  definitions  are  also  now 
under  consideration  for  international 
standardization. 

Objection  may  be  raised  to  the  state¬ 
ment  that  the  “accepted  names”  for 
gas  diodes  and  triodes  are  respectively 
“phanotrons”  and  “thyratrons”,  since 
these  terms  have  not  been  accepted  by 
any  standardizing  body.  In  fact,  this 
statement  seems  to  be  refuted  by  a 
rather  general  use  of  the  more  de.scrip- 
tive  terms,  “gas  diode”,  “gas  triode”, 
etc.,  throughout  the  text. 

Some  fault,  aside  from  several  ob¬ 
vious  typographical  errors,  may  also 
be  found  with  the  book  by  practical  en¬ 
gineers  and  by  physicists,  the  former  in 
that  discussion  of  many  practical  meth¬ 
ods  and  processes  are  either  incomplete 
or  not  entirely  correct,  (such  as  the 
statements  with  reference  to  the  action 
of  barium-strontium  oxide  on  page  97) 
and  the  latter  in  that  a  number  of 
statements,  though  not  usually  ambig¬ 
uous,  are  not  exact.  There  are  a  few 
cases  where  the  explanation  appears 
to  be  questionable  as,  for  example, 
in  Chapter  V  in  the  discussion  of  grid 
control  in  a  gas  triode.  In  general, 
however,  the  book  is  accurate,  is  quite 
readable  and  should  be  very  useful  as 
a  text  in  engineering  schools. 

— Dayton  Ulrey 

•  •  • 

National  Union  Quick 
Reference  Radio  Tube  Manual 

National  Union  Radio  Cot]).,  Newark, 
N.  J.  (Price,  $1.00,  169  pages). 

This  new'  addition  to  the  existing  data 
manuals  on  receiving  tubes  gives  the 
operating  electrode  voltages,  capaci¬ 
tances,  physical  dimensions,  socket  con¬ 
nections  and  similar  data  for  the  com¬ 
plete  line  of  National  Union  tubes.  No 
characteristic  curves  are  shown,  how¬ 
ever. 

The  book  is  spiral  bound  so  that  it 
lies  flat  wherever  opened,  and  is  divided 
into  nine  groups.  The  first  seven  groups 
deal,  respectively,  with  rectifiers,  triode 
voltage  amplifiers,  pentode  voltage  am¬ 
plifiers,  power  amplifiers,  frequency 
converters,  duplex  tubes,  and  tuning  in¬ 
dicators.  The  eighth  .section  gives  data 
on  methods  of  measuring  interelectrode 
capacitances,  contact  potential,  design 
of  resistance  coupled  amplifiers,  and 
inherent  noises  in  vacuum  tubes.  The 
last  section  gives  a  numerical-alphabet¬ 
ical  classification  together  with  the 
equivalent  tubes  of  other  manufacture. 
— B.D. 
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Equivalent  Resistance  Chart 


An  alijjnment  chart  for  computing  ecpiivalent  parallel  resistances  in  circuits  containing  react¬ 
ance  ainl  series  resistance.  Applicable  also  for  determining  the  impedance  of  tuned  circuits 
at  resonance  and  the  i)  values  of  reactive  elements 


An  IMFKRFFXT  condenser  may  be 
repi  esonted  by  a  perfect  condenser 
havinjr  a  series  or  shunt  resistance  pro- 
ducinjr  equivalent  losses.  The  relation¬ 
ship  of  the  equivalent  series  or  shunt 
resistance  is  expressed  by  the  formula 

,  (Cap.  react)’ 

shunt  resistance  :  — — - 

(senes  resis. ) 

Thus  it  is  possible  to  have  an  imperfect 
conden.ser  with  internal  .series  resist¬ 
ance  shunted  by  an  external  resistance 
and  by  easy  computation  combine  and 
express  the  resultant  as  the  equivalent 
series  or  shunt  resistance.  This  sim¬ 
plification  is  a  Kreat  aid  in  the  .solution 
of  many  problems.  The  same  proposi¬ 
tion,  though  not  so  commonly  noted,  ap- 
jilies  ecjually  well  to  coils  havinjr  series 
or  shunt  resistance.  In  the  formula 
given  above  the  capacitive  reactance  is 
replaced  by  the  incluctive  reactance. 

The  alignment  chart  printed  on  the 
reverse  side  of  this  sheet  makes  easy 
work  of  conversions.  For  problems  of 


Fiq.  1 — Parallel  tuned  circuit  con¬ 
taining  reeittonce  in  each  arm 


By  ALFRED  E.  TEACHMAN 

\VoitnM>M-krt ,  R.  /. 

are  equal.  Were  these  elements  with¬ 
out  los.ses  the  circuit  would  po.ssess  the 
properties  of  infinite  impedance  and 
zero  pha.se  angle.  However,  series  re¬ 
sistance  is  usually  pre.sent  in  one  or 
both  arms  of  the  circuit  and  as  a  result 
the  circuit  behaves  as  though  consist¬ 
ing  of  a  perfect  coil  and  condenser 
shunted  by  a  high  resistance  which  is 
the  equivalent  resistance  of  the  parallel 
circuit.  At  re.sonance  the  resultant  cur¬ 
rent  is  in  phase  with  the  supply  voltage 
and  behaves  as  a  pure  resistance. 

By  use  of  the  conversion  .scales  A  and 
II  of  the  alignment  chart,  the  series  re¬ 
sistance  of  the  branch  arms  may  be 
converted  to  the  etjuivalent  parallel 
resistances  as  illu.strated  by  Fig.  2  and 
by  combining  the.se  resistances,  in 
parallel,  we  derive  the  parallel  resis¬ 
tance  of  the  circuit  as  in  Fig.  3. 

Most  often  the  condenser  used  in  a 
parallel  tuned  circuit  has  so  little  loss 
that  it  is  neglected  and  the  principal  re¬ 
sistance  residing  in  the  coil  determines 


and  condensers.  Since  resistance  is 
more  commonly  associated  with  coils  the 
term  generally  refers  to  them,  although 
the  Q  of  a  tuned  circuit  may  be  given 
as  the  ratio  of  reactance  in  one  arm 
to  the  total  .series  resistance  in  the  cir¬ 
cuit.  When  so  used,  the  quantity  of  Q 
also  represents  the  voltage  gain  of  the 
circuit  which  means  that  a  voltage  in¬ 
duced  in  the  circuit  will  appear  across 
the  coil  or  condenser  terminals  multi¬ 
plied  Q  times  due  to  the  resonance  prop¬ 
erties  of  the  circuit.  The  Q  of  a  coil 
does  not  vary  directly  with  frequency 
as  might  be  expected  from  inspection, 
but  changes  rather  slowly  with  fre¬ 
quency  due  to  the  compensating  effect 
of  the  coil  resistance  w’hich  generally 
increases  with  frequency.  Coils  are 
often  rated  as  having  an  average  Q  for 
a  band  of  frequencies  and  when  used 
with  a  nearly  perfect  condenser  the 
circuit  Q  is  approximately  the  same  as 
the  coil. 

When  working  with  Q,  X,  and  R  the 


this  type,  the  scales  A,  B,  and  A'  are 
used.  As  an  example,  take  the  dotted 
line  (.\).  This  represents  a  condenser 
or  coil  having  a  reactance  of  2000  ohms 
with  a  shunt  resistance  of  1,000,000 
ohms  across  the  terminals.  The  inter¬ 
cept  on  scale  A  gives  an  equivalent 
series  resistance  of  4  ohms  w'hich  may 
be  added  to  the  known  series  resistance 
and  the  combined  value  is  then  carried 
through  the  problem  as  a  single  term. 

Of  particular  interest  are  the  appli¬ 
cations  which  may  be  made  to  parallel 
^ned  circuit  calculations  at  resonance. 
Most  simple  parallel  tuned  circuits 
niay  be  represented  by  the  equivalent 
circuit  of  Fig.  1  in  which  .Y,.  and  Yc 


the  parallel  resistance.  When  making 
such  an  assumption  it  is  only  necessary 
to  convert  the  series  coil  resistance  to 
the  equivalent  shunt  resistance  w’hich 
becomes  the  parallel  resistance  of  the 
tuned  circuit.  The  results  obtained  by 
this  method  are  exactly  the  same  as  by 
the  formula:  Z„  =  X\/R 

As  an  example:  the  dotted  line  (B) 
is  for  a  coil  having  a  reactance  of  1000 
ohms  and  a  series  resistance  of  5  ohms. 
The  equivalent  parallel  resistance  is 
200,000  ohms  which  is  also  the  resist¬ 
ance  of  the  parallel  tuned  circuit. 

The  term  Q,  the  ratio,  X/R  represents 
a  very  convenient  factor  which  may  be 
used  as  a  figure  of  merit  in  rating  coils 


corresponding  lettered  scales  are  to  be 
u.sed.  The  dotted  line  (C)  show’s  that  a 
coil  or  tuned  circuit  having  a  series 
resistance  of  5  ohms  and  a  reactance  of 
1000  ohms  will  have  a  Q  of  200.  Using 
a  coil  having  a  known  average  Q  value 
in  conjunction  with  a  good  condenser, 
the  average  parallel  resistance  of  the 
circuit  can  be  found  by  placing  a 
straight  edge  intercepting  the  Q  and 
reactance  values  and  reading  series  re¬ 
sistance  on  the  R  scale.  Then,  by  trans¬ 
ferring  the  R  scale  value  to  scale  A  and 
retaining  the  reactance  value,  a  straight 
line  passing  through  these  points  will 
give  the  parallel  resistance  of  the  tuned 
circuit  as  read  on  the  B  scale. 


EIFCTRONICS  — 1938 


31 


Equivalent  Resistance  Chart 


BY  ALFRED  E  TEACHMAN 


ELECTRONICS  REFERENCE  SHEET 


TUBES  AT  WORK 

Phototubes  aid  in  settinj:  printer's  type 
directly  from  telegraph  signals,  and  main¬ 
tain  ('onstant  temperature  in  new  allov 
furnaces.  Tube  circuits  for  volume  indi¬ 
cation  and  peak  metering 


Aiitoiiiutic  rype-Selting 
Machine*  Employs  Ph<»to- 
eleclric  Translation  Device 

The  first  test  of  the  Semanraph.  an 
automatic  type  setting  device  which 
permits  operating  a  linotype  machine 
from  telegraph  signals,  was  made  on 
June  S  betwifn  the  offices  of  the  Asso¬ 
ciated  Press  in  New  York  and  the 
New  York  Times.  A  lonjr-distance  test 
between  Charlotte,  N.  C.  and  New 
York  was  conducted  a  few  days  later. 

The  apparatus  consists  of  four  units. 
The  first  is  similar  to  a  typewriter  in 
form,  and  is  operated  by  the  transmit- 
tinjr  operator.  It  prepares  the  type¬ 
written  copy  in  lines  of  equal  lenteth, 
each  line  in  the  copy  corresponding  to 
one  line  in  the  type  which  is  to  V)e  .set 
at  the  receivin^r  end.  Under  each  letter 
in  the  copy,  the  typewriter  prints  a 
small  code  sigrnal,  consi.stin^  of  a  com¬ 
bination  of  six  dots.  The  type  bars  in 


SELECTS  PROGR.AMS  A 
WEEK  IN  ADVANCE 


Harold  Kaye  with  hit  clock-driven 
automatic  program  changer  on 
which  he  can  tet  up  672  program 
changes,  at  15  minute  intervals, 
throughout  the  week.  According  to 
Mr.  Kaye,  it  has  not  failed  once  in 
more  than  a  year  of  operation 


the  typewriter  mechanism  are  similar 
to  those  of  an  ordinary  typewriter,  ex¬ 
cept  that  the  sematrraph  si^rnals  are 
added  to  them.  Copy  prepared  on  this 
typewriter  is  placed  in  a  transmittinjr 
unit,  which  contains  a  photoelectric 
tube  and  a  source  of  lijfht.  The  dot  sip- 
nals  under  each  character  in  the  copy 
are  caused  to  pass  betwetm  the  lipht 
source  and  the  phototube,  thereby  set¬ 
ting  up  a  sipnal  which  is  transmitted 
over  the  telepraph  circuit.  The.se  sip- 
nals  at  the  receivinp  end  actuate  an 
ordinary  telepraph  printer,  which  has 
been  modified  to  respond  to  a  fi-unit 
code  sipnal  rather  than  the  ordinary 
o-unit  code.  The  telepraph  printer  has 
type  bars  which  correspond  with  those 
of  the  oripinal  typewriter  u.sed  at  the 
transmitter.  .\s  a  consequence,  the  copy 
received  has  exactly  the  same  form 
as  that  sent  out  from  the  transmitter, 
includinp  the  semapraph  sipnals  under 
each  character.  The  copy  is  then  edited, 
a  line  at  a  time,  by  the  editors  at  the 
receivinp  end  of  the  circuit.  After  edit- 
inp,  the  copy  is  put  in  a  control  unit 
for  the  type  .settinp  machine.  A  photo- 
tubt*  and  lipht  source  are  used  to  scan 
the  dot  sipnals  under  each  character 
in  the  copy.  These  dot  sipnals  are  then 
amplified  and  used  to  vibrate  a  mapnet- 
ic  armature  which  releases  the  proper 
mechanism  in  the  linotype  machine  to 
set  the  type  characters  required  for 
that  line.  This  mapnetic  selector  mech¬ 
anism  takes  the  place  of  the  manually 
operated  keyboard  of  the  ordinary  lino¬ 
type.  The  tests  made  by  the  inventor, 
Buford  L.  Green,  of  Charlotte,  N.  C., 
have  indicated  that  speed  of  operation 
of  the  entire  .system  is  limited  only  by 
the  speed  of  the  linotype  machine. 


Electronic  Timer  Aiiiiounccd 
for  Photographic  Purposes 

An  electronic  timer,  similar  in  oper- 
atinp  principle  to  that  described  in 
the  June,  19:i7  issue  of  Klectronics  has 
been  recently  put  on  the  market.  The 
timer  is  plupped  into  a  lipht  socket, 
while  the  device  to  be  controlled  is 
plupped  into  an  outlet  appearinp  on 
the  timer  itself.  The  timinp  dial  is 
then  set  to  the  required  number  of 
seconds,  and  the  control  button  is 
pressed  down  momentarily.  Power  is 
thereby  applied  from  the  power  circuit 
to  the  device  being  controlled,  and  is 
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Electronic  timing  control  for 
photographers 

continued  for  a  lenpth  of  time  equal 
to  the  settinp  of  the  timinp  dial.  At 
the  end  of  this  time  the  power  is  auto¬ 
matically  removed  from  the  circuit.  The 
total  ranpe  of  timinp  available  is  from 
0.2  sec.  minimum  to  100  sec.  maximum. 
•A  loparithmic  timinp  control  is  em¬ 
ployed  which  allows  all  of  the  time  in¬ 
tervals  to  be  included  in  a  sinple  dial. 
Other  ranpes  are  available  from  0.2 
to  20  sec.  and  from  i  to  80  sec.,  the 
latter  beinp  recommended  for  general 
use.  The  power  which  can  be  con¬ 
troller!  is  limited  to  800  watts  incan¬ 
descent  lamp  load,  although  a  special 
model  is  available  to  control  up  to  1500 
watts.  The  dimensions  of  the  device 
are  63  in.  long,  3i  in.  wide,  4i  in.  hiph. 

•  •  • 

Elaborate  Temperature 
Monitoring  Equipment 
In»*talled  in  New  Alloy  Furnace 

Three  unusual  electric  furnaces  are 
nearing  completion  at  the  Westing- 
house  Research  Laboratories,  to  be  used 


P.  G.  MeVetty,  right,  with  the  photo¬ 
tube  controlled  electric  furnaces 
recently  installed  at  the  Westing- 
house  Research  Laboratories 

for  the  study  of  metal  alloys  used  in 
turbine  construction.  Temperatures  up 
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to  1,000  deg.  F.  are  to  be  obtained  and 
maintained  within  10  deg.  or  less. 
Phototube  control  of  the  heatinjj  cur¬ 
rent  will  be  used  for  this  purpo.se.  In 
the  walls  of  each  of  the  furnaces  a 
total  of  125  thermocoui)les  have  been 
installed  for  monitorinp:  the  distribu¬ 
tion  of  temperature.  Individual  wires 
connected  with  thermocouples  are  u.sed 
for  indication.  Te.sts  to  be  conducted 
involve  the  measurement  of  “creep” 
or  deformation  of  .steel  alloys  under 
hijrh  temperatures.  In  turbine  opera¬ 
tion,  such  deformation  is  apt  to  result 
in  collision  between  the  turbine  blades 
and  the  outer  frame,  since  the  spacinjr 
between  the  two  must  be  kept  to  a 
few  thousandths  of  an  inch  for  efii- 
cient  operation.  Each  of  the  furnaces 
,  will  accommodate  twelve  20-in.  test 
I  samples  of  alloy,  each  of  which  is  sub¬ 
divided  into  five  sections,  makinp  OO 
I  tests  simultaneou.sly. 


Thinking  About 

FILAMENT 
TRANSFORMERS  ? 


Filament  transformers  can  do  more  than 
provide  a  source  of  low  voltage  for  your 
tube  filaments — use  of  the  proper  type  for 
each  application  permits  simplifying  the  con¬ 
struction  of  your  apparatus,  improving  its  ap¬ 
pearance,  increasing  the  efficiency  and 
safety  factor  and  reducing  the  cost.  Investi¬ 
gate  the  possibilities  offered  by  AmerTran's 
new  line  which  contains  nearly  200  standard 
listings  for  popular  tubes  from  which  to  make 
a  selection.  Conventional  types  for  all  tubes 
are  available  in  seven  different  test  voltage 
ratings.  The  line  also  includes  scott-connected 
units  for  three-phase  circuits  and  transformers 
with  the  tube  socket  mounted  on  the  high-volt¬ 
age  bushing  to  simplify  your  wiring.  All  types 
are  vacuum-varnish  impregnated  and  have 
compound-filled  mountings,  ceramic  terminals 
and  primary  taps.  May  we  send  Bulletin 
1005? 

AMERICAN  TRANSFORMER  GO. 


178  Emmet  St., 


Newark,  N.  J. 


AIR  INSULATED  I 

REaiFiERCOMi>ONENTS  I  .^Tieker  Tape”  Reeonl. 

Eye  Movements 

H.  H.  Slawson 

Using  the  minute  electrical  eneiKy 
developed  by  the  movins  eye  it.self.  Dr. 
Ward  C.  Halstead  of  the  University 
of  Chicago  has  developed  a  new  “ticker 
tape”  method  for  recording  eye  move¬ 
ments  of  a  person  while  his  eyelids  are 
closed.  The  method  is  used  to  facili¬ 
tate  analysis  of  brain  lesions  in  mental 
cases. 

The  eye  acts  like  a  miniature  bat¬ 
tery  with  a  strength  of  a  few  micro¬ 
volts.  Every  time  the  eye  moves 
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OIL  IMMERSED 
TRANSFORMERS 
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AUTOMATIC 
VOLTAGE  REGULATORS 


SHIELD  CAGE  USED  IN 
STUDY  OF  BRAIN 
ELECTRICITY 


At  the  exhibit  of  the  American 
Psychiatric  Association  in  San  Fran¬ 
cisco.  this  bio-electrical  potential 
measuring  equipment  was  shown. 
The  minute  potentials  are  measured 
within  a  wire  cage,  eventually 
record  themselves  on  the  tape  at 
the  left 
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RESISTOBS? 


"Metallized"  Resistors  differ  from  conven* 
tional  units  in  that  a  homogeneous  film  of 
high  resistance  material  is  applied  and 
bonded  at  high  temperatures  to  insulating 
bases  of  various  types.  The  result  of  this 
process  is  a  resistance  element  of  predeter¬ 
mined  resistance  value  and  accuracy,  this 
process,  time-tested  throughout  16  years,  has 
been  utilized  and  perfected  for  seven  dis¬ 
tinctive  types  of  resistors,  each  one  interna¬ 
tionally  known  for  its  exceptional  quality: 

The  Type  BT  "Melalliied"  Resistors,  completely 
insulated  in  phenolic,  ond  the  Type  F  protected  by 
ceramic,  are  perhaps  the  best  known  tor  radio  and 
high  bequency  service. 

Types  m  end  MC,  protected  by  ceramic  or  gloss, 
are  mode  bom  100  lo  100.000  megohms  and  have 
long  been  standard  tor  certain  Idnds  of  scienbhc 
apparatus. 

The  Types  C  and  CS  (Silent  Spiral  Connector) 
"Metallized"  Controls  have  established  new  stand¬ 
ards  for  volume  control,  lone,  and  potentiometer 
applications  wherever  radios  are  made. 

Type  MP  —  o  recently  developed  resistor  for  high 
irequency  needs — is  rapidly  solving  dummy  load 
and  rhombic  problems  lor  transmitting  engineers 
in  the  ultra  high  bequency  held. 

The  New  Type  MV,  a  high  voltage  "Metallised" 
Resistor,  is  capable  oi  carrying  50,000  volts  on  o 
lOVi"  X  IVs"  lube  with  charocteristics  similor  to 
that  oi  a  standard  BT  unit  of  low  value.  It  opens 
new  possibilities  ior  the  design  oi  high  voltoge 
equipment. 

The  inherent  characteristics  of  “Metallised" 
Resistors  are  stability,  low  noise  level,  uni¬ 
formity,  non-ageing,  low  voltage  and  tem¬ 
perature  coefficient  and  freedom  from  major 
humidity  effects. 

No  other  type  of  resistance  material  holds 
such  an  outstanding  record  oi  success.  None 
holds  such  broad  possibilities  ior  future 
development. 

Write  ior  new  IRC  Engineering  Data 
Bulletins  Nos.  1  and  2. 


Tbit  Typp  §r  Rptitlpr  is  on  pxsmph  pi  tko  k 
ssnsowi  "MptalliEpd"  rMblonco  matprigi  bo 
Ip  thp  putpr  luriect  pi  o  sturdy  ghu  hihe 
piKPSPd  in  a  prplptfiyp  covorlne.  *' 


INTERNATIONAL  RESISTANCE  COMPANY 

401  NORTH  BROAD  STREET.  PHILADELPHIA.  PA. 

Factories  or  Licensees  in  Canada,  England,  France,  Germany,  Italy,  Denmark  and  Australia 

-  MAKERS  OF  RESISTANCE  UNITS  OF  MORE  TYPES,  IN  MORE  SHAPES,  FOR 
MORE  APPLICATIONS  THAN  ANY  OTHER  MANUFACTURER  IN  THE  WORLD 

r 


is  detectable  by  the  new  device.  On 
each  side  of  the  eye  electrodes  are 
placed  to  pick  up  the  tiny  current  and 
carry  it  to  a  specially  constructed  ani- 
plilier.  The  amplifier  manipulates  a 
recording:  pen  on  waxed  ticker  tape 
paper,  making:  a  graph  of  the  eye  move¬ 
ment. 

In  a  statement  issued  by  the  Uni¬ 
versity  announcing  the  new  apparatus, 
Dr.  Halstead  said  that  reliable  records 
of  the  direction  and  extent  of  eye 
movements  are  po.ssible  while  the  sub¬ 
ject  is  walking  around  a  room,  an 
achievement  important  in  mental  cases 
and  not  po.ssible  with  other  methods  of 
recording  eye  movements.  While  the 
technique  has  been  u.sed  successfully  on 
subjects  with  eyelids  closed,  he  stated, 
further  experimentation  is  in  progress. 
The  interesting  possibility  of  recording 
eye  movements  while  the  subject  is 
a.sleep  is  still  to  be  explored. 

With  the  new  device  the  operator  can 
directly  control  the  extent  to  which  the 
subject  can  hold  his  eyes  still  during 
examination.  The  device  is  also  used 
in  recording  eye  movements  of  patients 
with  aphasia,  that  is,  those  suffering 
from  loss  of  language,  stuttering,  stam¬ 
mering  or  amnesia  and  in  studies  t)f 
pseudo-hallucination,  fantasy  and  im¬ 
agination. 

Dr.  Halstead  is  a  member  of  the 
staff  of  the  Otho  S.  A.  Sprague  Memo¬ 
rial  Institute  in  the  Division  of  Psy¬ 
chiatry  of  the  University  of  Chicago 
clinics.  It  was  the  involuntary  move¬ 
ment  of  the  eyes  in  a  brain  case  he 
was  studying  two  years  ago,  he  said, 
which  led  to  development  of  the  method. 


SHAPES, 
SIZES  AND 
TYPES  OF 
CERAMIC 
RESISTORS 


If  rite  us  coucermng 
your  (iijfirult 
resistauee  problems 


THEY  ARE  OUR  SPECIALTY 


VARIABLE  FREQUENCY 
TRANSMITFER  FOR 
IONOSPHERE  STUDIES 


The  pointer  at  the  right  ie  the  tuning 
dial  of  the  ionosphere  transmitter  at 
Harvard  University  used  to  obtain 
wave-reflection  data  at  different 
frequencies.  At  the  left  is  H.  R- 
Mimno,  Director  of  the  Ionosphere 
Observatory 


GLOBAR  DIVISION 
THE  CARBORUNDUM  COMPANY 


Sairft  Ofiirrft  and  ^  arehoutt^  in  New  York,  Chicago,  Philadelphia,  Delniit.  Cleveland,  Bo*i<m. 
Pituburgh,  Cincinnati,  Grand  Rapid* 

(t -arborundum  and  t«lobar  are  roistered  trade-marks  of  The  t '.arl>s>riindiini  Com|Miii\) 


August  7 — ELECTRONICS 


Name 


Address 


KI.FCTROINICS 


—  A  ugust  1 938 


Patents  Pending 


DYNAMIC  PERFORMANCE 

70%  X^ijncLmic  &it! 


EXAMINE  THIS 
COMPARATIVE 
RESPONSE  CURVE 


Built  in 
5",  5' 2",  6' 2" 
and  8"  sizes 


N<)t  just  another  speaker,  but  one  that  is 
absolutely  new  and  revolutionary  in  design  and 
construction,  with  ama/.in^ly  ^ood  performance 
characteristics  that  equal  and  exceed  those  of  a 
lari^e  percentage  of  dynamics  used  today  at  only 
'h%  of  the  cost.  With  better  sensitivity  and 

I^  rfectly  Suited  for  use  as  Microphone-Sp 


Itass  Response  than  these  Dynamics,  it  has 
equivalent  Power  Output,  cuts  down  Rectifier 
Drain  and  offers  the  added  advantage  of  light 
weight  and  more  compact  design.  It  is  the  ideal 
speaker  for  moderately  priced  receivers.  Mail 
the  coupon  today  for  complete  details  on  the  new 
OUAM  PERMANIC! 

eaker  in  Inter-Office  Communication  Systems 


mniL  THIS  coupon! 


UUAM-NICHOLS  CO. 

Cottage  CJrove  at  33rd  Place,  Chicago 

Please  send  me  complete  details  of  new  Quam  PERMANIC 

Speaker. 


Company 


A  Siiifsle-tiibc^  “Floalinjc 
Needle'’  Volume  Indicator 


H.  C.  Likel 

('hirf  Hnijiiiirr 

I’di'riit  I'.nijinvirinii  I'urfuiration 

The  volume  indicator  described  herein 
was  developed  to  produce  an  instrument 
free  from  the  usual  defects,  such  as 
slujrpfish  response  on  the  one  hand  or 
too  rapid  response  on  the  other,  and 
at  the  same  time  to  keep  cost  at  a 
minimum.  Kxperience  indicates  that 
the  meter  type  of  indicator  with  “float- 
inf;  needle”  action  is  desirable,  that  is, 
an  indicator  in  which  the  meter  needle 
rises  rapidly  in  response  to  increa.ses 
in  the  volume  level  and  then  returns 
at  a  slower  rate.  This  type  of  indi¬ 
cation  frives  pood  dynamic  respon.se  but 
at  the  same  time  allows  opportunity 
for  the  eye  to  repister  the  neak  value>. 

Althouph  a  variety  of  tubes  could  be 
used,  the  tube  shown  in  the  circuits 
piven  is  a  double-triode,  such  as  the 
f>N7,  one  set  of  elements  beinp  con¬ 
nected  as  a  diode,  the  other  as  a  direct 
coupled  amplifier.  In  the  circuit  of 
Fipure  la,  which  cannot  be  used  on  a 
prounded  line,  the  meter  readinp  de¬ 
creases  as  the  volume  increa.ses,  thus 
preventinp  burnout  on  overloads.  The 


IN  APPEARANCE 


PUttics  and  push-button  tunins  30  hand  in  hand. 
For  outrisht  beauty  nothins  can  equal  Erie  Custom 
Molded  Bezels,  ori3inated  and  perfected  by  Erie 
Plastics  Engineers.  Either  flat  or  curved  glass  and 
metal  inserts  for  holding  the  push  buttons  are  injection 
molded  into  a  colorful  plastic  frame  in  one  operation. 
Erie  molded  push-buttons,  designed  to  fit  any  standard 
switch,  can  be  supplied  from  either  a  stock  mold  or 
one  of  custom  design. 


Whether  you  use  electric  motor  or  condenser  type 
tuning,  there's  one  way  to  keep  the  LxC  product 
constant.  Use  Erie  Compensating  Ceramicons,  the 
new  silver-ceramic  fixed  condensers,  or  Erie  Silver- 
Mica  Condensers  in  your  tuned  oscillator  circuib. 
Erie  Ceramicons  have  a  definite,  linear  and  repro- 
ducable  temperature  coefficient  which  can  be  sup¬ 
plied  in  any  specified  value  between  -.00068  and 
-I-.00012  mmf  mmf^C.  Erie  Silver-Mica  Condensers 
have  a  temperature  coefficient  of  only  -^.OOOOSS 
mmf  mmf,^C. 


Erie  Resistors  give  uniformly  superior  resulb  in  all 
standard  tesb  for  load,  voltage,  humidity  and  noise. 
That's  why  they  can  be  used  in  any  part  of  the  circuit 
without  changing  excessively  in  value.  Erie  Resistors 
are  made  in  both  plain  and  insulated  types  in  four 
sizes  that  will  cover  practically  all  resistor  requiremenb. 


Fiq.  l-(a).  above,  "iloatinq  needle" 
indicator  ior  use  with  ungrounded 
line.  Below  (b),  circuit  suitable 
for  grounded  line,  giving  leit-to- 
right  indications 


ltd 


cathode  and  plate  resi.stors  are  ad¬ 
justed  to  give  full  scale  readinp  with  no 
sipnal.  'The  main  disadvantape  is  the 
fact  that  increases  in  volume  are  indi¬ 
cated  from  right  to  left.  By  adju-tinp 
the  torsion  spring  of  the  meter  action 
so  that  the  needle  normally  (at  no 
current)  re.sts  at  full  scale  and  by  re¬ 
versing  the  polarity,  the  indicat  ii ms 
may  be  made  left-to-right. 

The  circuit  in  Fig.  lb  has  left-to- 
right  indication  and  can  be  operated  on 
a  grounded  line.  However,  it  is  sub¬ 
ject  to  burnout  due  to  overload  or  fail¬ 
ure  of  the  tube  and  the  circuit  con¬ 
stants  must  be  adjusted  if  the  plate 
current  of  the  tube  changes,  and  when 
a  new  tube  replaces  an  old  one. 

The  circuit  in  Fig.  2,  while  not  so 
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NEW 

LOW-DRAIN  BATTERY  TUBES! 


Converter 

Sylvania  presents  an  important 
contribution  to  the  radio  industry 

A  new  and  completely  different  line  of  required— no  C  battery  needed, 

tubes  for  battery  radios  has  been  per-  Lee*  tube  space  T.9  envelope  used, 

fected  in  our  engineering  laboratories.  Sylvania  low  current  drain 

These  new  tubes  are  conspicuous  for  tubes  are  a  complete  complement  for  the 

features  embodying  a  highly  desirable  receiver.  To 

combination  of  both  operation  and  space 

economy  in  battery  radio  sets.  portable  set  market  which  reaches  into 

Note  these  characteristics:  every  family,  this  new  development  is 

Lowourrentdrain-  .O5.mp.,..il.4,oli.  significant.  Write  today  to  the 

on  all  types  except  1C5G,  .10  ampere.  Hygrade  Sylvania  Corporation,  Empo- 

Twice  normal  battery  life.  rium,  Pa.,  for  complete  technical 

Less  battery  space — only  90  volt  B  battery  information. 

SYLVANIA 

SET-TESTED  RADIO  TUBES 


ELKCTROMCS  — 1938 


liAfii^OKS  TRANSMI) 


LEAR  AIRCRAFT 

Radio  Equipment 


versatile  as  those  in  Fig.  1,  is  very 
simple  and  has  excellent  “floating 
needle”  action.  As  in  all  the  cir¬ 
cuits,  the  rate  at  which  the  needle 
returns  from  a  volume  i)eak  is  de¬ 
termined  by  the  values  of  the  re¬ 
sistor  and  capacitor  used  in  the  diode 
circuit.  Since  the  R.  and  C.  values 
also  determine  to  a  preat  extent  the 
input  impedance  of  the  circuit,  it  is  nec¬ 
essary  to  select  them  with  this  require¬ 
ment  in  mind.  .\  resistor  in  series 
with  the  meter  is  us^ed  to  limit  the 
meter  readinp  to  full  scale  at  no  sipnal. 
If  a  hiph  plate  voltape  is  used,  the 
difference  between  new  and  replaced 
tubes  may  be  minimized,  since  the  series 
resistor  then  has  a  larpe  value  relative 
to  the  D.(\  plate  resistance  of  the 
tube.  The  volume  increa.se  indications, 
as  in  the  circuit  of  Fip.  la.  are  nor¬ 
mally  ripht-to-left,  but  may  be  re¬ 
versed  in  direction  by  ailjustment  of 
the  meter  action  as  outlined  above. 

In  operation  then,  the  meter  indicates 
maximum  volume  when  the  amplifier  is 
turned  off.  When  turned  on  the  j)ointer 


•  CRYSTAL  CONTROLLED 
RECEIVER 


The  R-3-AB  is  the  first  receiver  with  crys¬ 
tal  holder  plug  provided  on  face  of  re¬ 
ceiver  with  a  crystal  switch,  allowing 
crystal  locked  reception  of  any  frequericy 
on  any  of  the  three  bands  —  Beacon 
Broadcast  and  Communication. 

The  tuning  section,  separated  from  am¬ 
plifier  section,  reduces  size  and  weight 
of  tuning  unit,  eliminates  remote  control 
apparatus,  tuning  heads,  mechanical 
shafts,  etc.  This  reduces  weight,  bulk, 
cost  and  insures  better  resettablllty. 


Sensitivity:  2  microvolts  or  less. 

Signal  to  noise  ratio:  4  to  I  or  better. 
Selectivity:  10  to  15  KC  wide  at  60  db.  down. 
500  to  1000  milliwatts  output.  No  overload. 


•  LEARADIO  UT-6 
SIX-FREQUENCY 
TRANSMITTER 


Furnishes  pilot  almost  instantaneous 
choice  of  transmission  on  six  frequencies. 
No  adjustments — simple  to  operate  and 
install.  30  to  40  watts.  Compact  and 
light-weight  (28  lbs.). 

Interphone,  sidetone.  Excellent  voice 
and  MCW.  Built  to  meet  Army,  Navy 
and  Department  of  Commerce  specifi¬ 
cations. 


•  LEARADIO  T-30-AB 

.-'tJ  transmitter 

1  Remote,  crystal  controlled.  30  watts  on 
phone  or  MCW.  Weighs  19  lbs.  A 
complementary  unit  to  the  R-3-AB  re¬ 
ceiver,  the  combination  of  which  weighs 
only  28  pounds,  complete  with  cables 
Advanced  performance,  minimum  weight 
and  low  price. 

•  LEARADIO  UNIHAND  REEL 
AN  AUTOMATIC  SPRING 
LOADED  FAIRLEAD 

Entirely  new  in  antenno  systems  for  air¬ 
craft — designed  to  meet  operating  prob¬ 
lems  involved— can  be  operated  with  one 
— I  hand.  Simple,  foolproof,  reliable.  Pre- 

I  vents  loss  of  weights,  insure  better  trans¬ 
mitting  range,  improved  reception.  Fixed 
antenna  may  be  automatically  connected 
to  transmitter  through  loading  coil  when 
trailing  antenna  is  fully  retracted,  pro¬ 
viding  excellent  transmission  for  takecff', 
landings. 

-  •  NEW  LEARADIO  COMPASS 

New  Learadio  ARC-6  Radio  Compass  and  Direc¬ 
tion  Finder.  Low  weight,  small  size.  New  dyna- 
motor  power.  New  efficiency  and  automatic  action. 
Ask  for  further  data.  Whatever  your  requirements 
for  aircraft  communication  or  direction  finding 
equipment,  investigate  LEARADIO  before  decid¬ 
ing.  We  carry  a  complete  line  of  tuning  uni{s, 
insulators,  wire,  switches,  relays,  etc. 

Engineering,  Installofion  and  Service  on 
All  Types  of  Aircraft  Radio 

LEAR  DEVELOPMENTS 

_ _  INCORPORATED 

ROOSEVELT  FIELD  MINEOLA,  L.  I..  N.  Y. 

Export  Dept.,  17  State  Street,  New  York,  N.  Y.  Cable  Address:  LEARVELOP 
Telephone:  GARDEN  CITY  2840— VIGILANT  4-6380  (Direct  N.  Y.  Wire) 


Fig.  2 — Simple  circuit  using  double- 
triode,  two  resistors  and  a  capacitor 


gradually  returns  to  the  “zero"  vol¬ 
ume  point  as  the  as.sociated  tube  warms 
up.  Thereafter  a  sifrnal  will  cause 
variations  in  the  indicated  level.  The 
initial  motion  of  the  pointer  in  drop- 
pin>j  to  zero  indicates  the  proper  opera¬ 
tion  of  the  instrument,  and  if  it  draws 
its  potentials  from  the  as.sociated  am¬ 
plifier  indicates  in  a  general  way  that 
it  is  operating?  properly,  as  well. 

Any  d’Arsonval  type  meter  may  be 
used,  even  the  most  inexpensive  jriviipr 
satisfactory  .service.  For  best  results 
a  meter  having  a  high  speed  action 
and  good  damping  should  be  used. 
Proper  selection  of  circjit  constants 
will  result  in  the  instrument  responding 
over  the  range  desired.  It  w'ould  l)e 
difficult  to  suggest  constants,  however, 
as  the  combinations  of  input  voltages, 
plate  voltages  and  spread  of  scale  are 
so  great  as  to  be  almost  infinite  and 
a  proper  .set  of  constants  mu.st  be  found 
for  each  application. 


GROUND  STATIONS 
ULTRA  HIGH  FREQUENCY 
DIRECTION  FINDERS 
AUXILIARY  POWER  PLANTS 
Aircraft  Radio  Compasses 
Aircraft  Radio  Transmitters 
Aircraft  Radio  Receivers 
Portable  Radios 


Automatic*  Acljii»«tmeiit  for 
Mod  Illation  Indic'ator 

Robert  W.  Carlson 

In  a  transmitter  designed  for  a 
change  of  power  from  day  to  night  rat¬ 
ings,  the  use  of  a  modulation  indicator, 
must  entail  some  provision  for  the 
change  of  input  to  the  modulation  indi¬ 
cator.  This  provision  can  be  made  in 
any  transmitter  using  a  dropping  re- 
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“In  Business 


Since  1904 


MANUFACTURING 


WESTERN 


LENZ  ELECTRIC  MANUFACTURING  CO. 
1751  No.  Western  Ave.,  Chicago 

(>entlemen:  Please  send  me  FREE 

. ft.  sample  of  Lenz  Shielded 

Low  Capacity  Auto  Radio  Lead>in. 

Name . 

Position  . 

Company  . 

Address . 
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sistor  to  accomplish  the  change  in 
power  as  shown  in  diagram. 

Since  a  wide  variation  of  voltages 
can  usually  be  found  by  tapping  off  the 
inserted  resistance,  as  shown,  almost 
any  relay  on  hand  can  be  used  suc¬ 
cessfully.  If  the  parallel  resistance  of 
the  relay  coil  causes  any  appreciable 
drop  in  the  total  resistance,  it  can  be 
compensated  by  re-adjusting  the  resist¬ 
ance  of  the  entire  circuit.  The  dia¬ 
gram  shows  power  switch  at  full  power 


ELECTRONIC  NIGHTMARE 


Bringing  ^ 
engineers  ^ 

up  to  date  h  c 


on  current  I _ 

electronic  engineering 
practice 


Pickup  coil 


Frank  Hasencamp  oi  Chattanooga 
contrived  this  bed-room  broinstorm. 
The  radio,  mounted  in  the  head- 
board  (above),  plays  in  12-minute 
intervals,  turns  itself  off  if  the  occu¬ 
pant  falls  asleep.  Thermostats  con¬ 
trolling  window-openers  and  fans, 
and  a  loudspeaking  communication 
system  are  included.  The  alarm 
clock  cannot  be  turned  off  until  the 
sleeper  rises,  goes  off  if  he  gets  in 
bed  again  within  a  half-hour 


Here  is  a  new  Iwok  to  meet  the  en¬ 
gineer’s  need  for  a  working  introduc¬ 
tion  to  electron  tubes  and  the  design  of 
circuits  for  their  application.  In  a  practi¬ 
cal  treatment  it  brings  you  the  information 
you  need  to  understand  the  present  status 
of  electronic  science,  to  handle  its  engineer¬ 
ing  applications,  to  keep  abreast  of  prog¬ 
ress  and  meet  the  increasing  demands  and 
opportunities  in  this  field. 


S.RDT 

r^lay 


fVrctysmge 

switch 


Mod. 

Indicator 


supply 


Circuit  for  adjusting  input  to  modu¬ 
lation  monitor 


Just  Published 


position,  shorting  out  the  inserted  re¬ 
sistance.  The  relay  in  this  position  is 
not  energized.  One  side  of  the  pickup 
coil,  coupled  in  final  tank  circuit,  is 
brought  out  to  relay  arm.  In  the  posi¬ 
tion  shown,  the  circuit  is  made  with 
the  modulation  indicator  through  the 
variable  series  resistance,  and  upper 
contact  of  relay.  When  the  power 
change  switch  is  thrown  to  low  power, 
the  relay  is  energized  by  the  voltage 
across  a  portion  of  inserted  resistance, 
and  the  circuit  to  modulation  indicator 
is  made  through  the  lower  relay  con¬ 
tact  direct  to  the  pickup  coil.  After 
adjusting  the  modulation  indicator  to 
read  proper  deflection  at  low  power, 
the  variable  resistance  in  series  with 
the  relay  can  then  be  adjusted  to  proper 
deflection  at  high  power. 


A  Peak  Voltmeter  Useful 
for  Sound  Recording 

The  editors  are  indebted  to  Mr.  Henry 
Loughnane  of  Germantown,  Pa.  for  the 
following  information  concerning  a 
slow-return  peak  voltmeter  used  by 
him  for  sound  recording  work.  The 
meter  will  read  peak  voltages  with  very 
quick  dynamic  action,  but  has  a  very 
slow  return  to  zero.  The  time  constant 
is  adjusted  by  the  use  of  a  bleeder  cir¬ 
cuit,  the  resistor  in  the  diode  ground 
lead.  When  this  bleeder  resistor  is  re¬ 
moved  the  time  of  return  is  approxi¬ 
mately  5  seconds.  However,  w'hen  a  re- 


ENGINEERING 

ELECTRONICS 


By  Donald  G.  Fink 

Managing  Editor,  Electronics 

358  pages,  6x9,  217  illustrations, 


This  book  presents  a  quantitative  treat¬ 
ment  of  electronic  engineering,  on  a 
level  commensurate  with  the  engineer’s 
average  use  «)f  mathematics  and  physics 
and  correlated  with  general  electrical  en¬ 
gineering  practice. 


This  hook  gives  you: 

— an  introductory  working  knowledge  of  elfctron 
physics;  the  electron,  its  properties,  methods  of 
pr^uction  in  the  free  state,  control  hy  electric 
and  magnetic  forces,  etc. 

— an  understanding  of  practically  all  modern  lyjies 
of  electron  tubes,  their  construction,  principles 
of  operation,  and  characteristics 
—  a  working  knowledge  of  the  aiplication  of  these 
characteristics  to  electronic  c  rcuit  design 
— an  utidcrstanding  of  many  practical  applica¬ 
tions  of  electronic  circuit' 

In  addition  to  the  standard  electron  tube  struc¬ 
tures  and  their  uses,  a  large  t. umber  of  special 
types  such  as  electron  multipliers,  electron  micro¬ 
scopes  and  telescopes,  electron  image  tubes,  tele¬ 
vision  tubes,  etc.,  are  covered. 

The  circuits  described  and  illustrated  have  to 
do  with  power  transformation,  electrical  cnnimuni- 
cation.  and  industrial  control  and  nuisurement 
problems. 

10  days’  examination  —  Send  this  coupon 


TABLE-MODEL  TELEVISION 


Peak  voltmeter  circuit  connections 


sistor  of  about  1  megohm  is  inserted 
as  a  bleeder,  the  meter  follows  the  en¬ 
velope  of  the  sound  voltages.  As  shown 
in  the  diagram,  a  6Q7  duo  diode  triode 
is  used  in  conjunction  with  a  0-to-l 
milliammeter.  The  signal  is  applied 
through  a  coupling  circuit  to  the  grid 
of  the  triode  section  of  the  tube. 
From  the  plate  circuit  of  the  triode 
the  signal  is  passed  on  to  the  diode 
plate  through  the  condenser  C,.  The 
meter  is  inverted,  and  R,  is  adjusted 
so  that  the  meter  reads  1  ma.  with  no 
input.  A  1  volt  signal  will  cause  full 
scale  deflection.  The  voltage  divider 
is  indicated  for  use  on  higher  volt¬ 
age  ranges  than  1  volt. 


McGRAW-HILL  ON-APPROVAL  COUPON 
MrOraw-llill  Book  ('ompany  Inc. 

.■<:«)  W.  42iul  8t..  New  York,  N.  Y. 

Send  me  Pink's  Engineering  Electronics  for  in  dsyy' 
examination  on  approval.  In  10  (lays  I  will  'i-na 
$3..'>0,  plii-s  few  rents’  iiO'tage,  or  return  tiook.  posi- 
iwid.  (Postage  paid  on  orders  aeeompanied  l)>  re¬ 
mittance.  I 
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American  Television  Corporation's 
3-inch  tube  television  receiver  sells 
lor  $125,  is  mounted  in  a  table  ccd>i- 
net  26  inches  high.  A  console 
model  sells  for  $250 


City  and  State 


Position 


Company . 

iBooks  sent  on  approval  In  U.  S.  and  Canada  only.) 


42 


August  1938  —  ELECTROMCS 


. . .  now  give  you  still  greater  value! 


distributors 

Criyb.r  EUrIric  Co.,  Cro>b*r 
/n  f  rnmatla  anil 
>..rllMTO  Kloririr  Co.. 
•i’  In  olbrr  ruoNirloai  Inlrrno. 

Eirriri,  Corp. 


Radio  t 

electronics  - 


These  Iwo  mikes  have  won  wide  popularity  with  broadcasters 
beeause  they've  always  given  value — high  quality  at  low  cost! 

Now  they  give  you  still  more  for  your  money.  The  price 
of  the  famous  "R-Ball”  has  been  reduced.  And  the  "Salt- 
Shaker”  is  given  new  flexibility  by  means  of  the  new  311 A 
plug.  This  permits  quick  removal  from,  or  attachment  to  the 
112 A  Jack — just  like  the  "8-Ball.” 

Between  them,  these  two  Western  Electric  mikes  meet 
practically  every  broadcasting  need.  Can  you  afford  to  get 
along  without  their  quality  pick-up? 


Western  Electric 


n 

! 

UJ 


1-^.1 


L> 

NEW  CONVENIENCE 

Thr  311 A  plug  (center)  make* 
the  "Salt-Shaker"  as  flexihle  as 
the  "8-Ball It  fits  the  442 A 
Jack  (huttum). 


ELEPHONE  BROADCASTING 
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THE  ELECTRON  ART 

Articles  on  electricity  in  medicine,  char¬ 
acteristics  of  glow  discharge  lamps  and 
magnetrons,  and  measurement  of  small 
voltages  reviewed  this  month 


Elerlrieity  in  Medicine 

An  excellent  summary  outlining 
the  role  which  electricity  is  playing 
in  the  diagnosis,  prevention  and  rem¬ 
edy  of  physical  ailments  and  diseases 
appears  under  the  title  “Electricity 
in  Medicine,”  by  R.  Williams,  in  the 
June  issue  of  Electrical  Engimeying. 
While  this  article  will  probably  prove 
of  little  value  to  the  practicing  phy¬ 
sician  as  a  means  of  improving  his 
technical  knowledge  of  the  curative 
properties  of  electricity  in  its  vari¬ 
ous  applications,  the  article  does 
much  to  consolidate  and  summarize 
knowledge  on  this  subject.  It  con¬ 
cludes  with  a  plea  for  cooperation  be¬ 
tween  physicians  and  electrical  engi¬ 
neers,  the  necessity  of  which  will  un¬ 
doubtedly  be  evident  to  any  engineer 
who  may  have  listened  to  the  sales 
talks  used  by  some  manufacturers  of 
electro-medical  equipment  when  deal¬ 
ing  with  physicians  and  surgeons 
whose  technical  knowledge  of  physics 
and  electricity  is  rather  limited. 

As  an  aid  to  diagnosis,  x-rays,  the 
electrocardiograph,  and  the  incandes¬ 
cent  lamp  are  mentioned  as  the  most 
important.  The  first  and  third  of 
these  are  generally  well  known  and 
the  author  disposes  of  them  with 
comparatively  little  comment.  The 
electrocardiograph  is  an  instrument 
used  for  detecting  and  recording  the 
minute  electrical  voltage  variations 
within  the  heart.  Through  the  use 
of  the  string  galvanometer  type,  the 
amplifier  type,  and  the  cathode  ray 
type  of  electrocardiograph,  all  of 
which  are  comparatively  recent  de¬ 
velopments,  considerable  progress 
has  been  made  in  the  diagnosis  of 
heart  ailments. 

Of  the  possible  relation  existing 
between  the  body  impedance  and  dis¬ 
ease,  it  is  pointed  out  that  the  meth¬ 
od  is  not  yet  sufficiently  developed  to 
become  generally  valuable  in  diagno¬ 
sis.  Recognition  is  made  of  the  ex¬ 
perimental  work  done  in  England, 
and  at  Harvard  University  and  Johns 


Hopkins  University  in  the  United 
States.  However,  no  mention  is  made 
of  the  important  work  which  has 
been  carried  on  at  the  Massachusetts 
General  Hospital  in  collaboration 
with  engineers  of  the  Mas.sachu.setts 
Institute  of  Technology. 

In  speaking  of  electricity  in  ther¬ 
apy  and  surgery,  the  following  quo¬ 
tation  undoubtedly  speaks  for  itself ; 
“Many  formidable  looking  machines 
without  any  scientific  justification, 
but  apparently  with  much  p.sycholo- 
gical  and  ‘box-office’  appeal,  have 
been  u.sed  for  years  by  quacks  and 
charlatans,  the  modern  versions  of 
the  medieval  mystics.  One  of  these 
electrical  gadgets  suppo.sedly  was 
based  upon  a  theory  that  every  dis- 


TELEVISION  STATION 
OPENS  IN  PARIS 


The  world's  most  powerful  tele¬ 
vision  transmitter,  30  kw.  at  46  Me., 
has  recently  gone  into  service  in 
Paris.  The  antenna,  atop  the  Eiffel 
Tower,  is  fed  through  a  coaxial 
cable  1000  feet  long,  5  inches  in 
diameter  and  weighing  12  tons.  At 
the  top  of  the  tower,  the  grounded 
cable  is  terminated  in  a  balanced- 
to-ground  coble  which  in  turn  feeds 
the  antenna 


ease  causes  the  body  to  radiate  elec¬ 
trical  energy  at  some  specific  fre¬ 
quency  peculiar  to  that  di.sease.  The 
.same  machine  diagnosed  and  like¬ 
wise  treated  all  diseases,  each  malady 
having  its  own  colored  light  on  the 
front  of  an  impressive  control  panel. 
As  the  specific  frequency  of  the  pa¬ 
tient  was  discovered  the  proper  col¬ 
ored  lamp  flashed,  thus  ‘informing’ 
the  oi>erator  of  an  actually  predeter¬ 
mined  treatment.  The  treatment,  the 
same  for  tonsilitis  or  gallstones,  con¬ 
sisted  of  some  sort  of  electric  sh(x-k 
that  never  failed  to  impress  the  pa¬ 
tient:  and  sometimes  it  effected  a 
complete  cure — at  least  p.sychologic- 
ally.  Most  ethical  physicians  merely 
looked  askance  at  this  remarkable 
machine,  but  a  few  crusaders  suc¬ 
ceeded  in  making  it  look  so  ridicul¬ 
ous  that  it  retired  from  the  .scene 
hastily  and  confu.sedly.” 

According  to  the  author,  the  legi¬ 
timate  and  accepted  division  of  med¬ 
ical  treatment  known  as  i)hysical 
therapy  may  be  divided  into  five  main 
branches : 

(1)  Light  therapy,  the  treatment 
of  disea.se  by  means  of  “light”  rays. 

(2)  Heat  therapy,  employing  vari¬ 
ous  types  of  heating  devices. 

(3)  Electrotherapy,  using  electri¬ 
city. 

(  4 )  Hydrotherapy,  the  employment 
of  various  water  applications. 

(5 1  Methanotherapy,  treatment  by 
mas.sage,  corrective  exercise,  and 
mechanical  devices. 

Of  these,  electrotherapy  will  prob¬ 
ably  be  of  most  interest  to  readers  of 
Electroyncs,  especially  .since  two  of 
the  principal  branches  of  electrother¬ 
apy  are  diathermy  and  electro  sur¬ 
gery.  both  of  which  employ  high  fre¬ 
quency  alternating  currents  which 
are  usually  most  conviniently  pro¬ 
duced  through  the  u.se  of  electron 
tubes  and  their  associated  oscillatiiiK' 
circuits.  (An  article  on  diathermy 
and  its  relation  to  the  field  of  elec¬ 
tronics  was  publLshed  in  the  Novem¬ 
ber,  1936  i.ssue  of  Elect rayucs.  to¬ 
gether  with  a  brief  bibliography. ' 

“Even  a  casual  survey  of  the  litera¬ 
ture  available  on  the  subject  shows 
that  but  few  physicians  have  any 
great  familiarity  with  the  physics  of 
electrical  apparatus,  and  perhaps 
fewer  engineers  have  any  conception 
of  the  physiological  significance  ot 
the  process  served  by  the  machines 
they  create.  The  sciences  of  both 
electricity  and  medicine  are  still  im- 
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ISOLANTITE*  coil  forms  are  always  socially  eligible; 

they  fit  in  with  their  neighbors  quickly  and  easily, 
without  any  need  for  troublesome  adjustments. 

Accurate  dimensions  are  highly  important  in  induc¬ 
tance  coil  forms.  Mounting  holes  must  be  correctly  spaced 
for  quick,  easy  assembly.  Diameters  must  be  precise,  to 
give  the  desired  inductance  values  with  the  minimum 
need  for  adjustment. 

The  attractive  appearance  provided  by  the  smooth, 
glazed  surface  of  Isolantite  is  an  added  asset,  particularly 
when  insulators  are  mounted  in  full  view. 

Extremely  low  dimensional  tolerances  in  all  Isolantite 
insulators  are  the  result  of  careful  design  and  manufac¬ 


turing  processes.  These  manufacturing  processes  are  also 
readily  adaptable  to  the  economical  production  of  special 
forms  for  applications  in  which  standard  insulators  can* 
not  conveniently  be  used.  Isolantite  engineers  will  gladly 
cooperate  in  the  design  of  special  insulators. 

*Re^istered  Trade-name  for  the  products  of  Isolantite  Inc* 


CERAMIC  INSULATORS 


Factory:  Belleville,  N.  J.  •  Sales  Office:  233  Broadway,  New  York,  N.  Y. 
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AUTOMATIC  ELECTRIC 

makes  MORE  relays . 

makes  BETTER  relays . 


mature,  but  the  rapid  advances  they 
have  made  in  combination  suggest 
that  more  concerted  efforts  might  re- 
I  suit  in  a  new  hope  for  the  annihila- 
I  tion  of  human  disease.”  Already  a 
concerted  effort  has  been  made  to 


makes  MORE  VARIETIES  of  relays 


AND — wSen  you  buy 
an  Automatic  Electric 
Relay  you  get  a  preci¬ 
sion  product  designed 
and  constructed  by  an 
experienced  company — 
for  Automatic  Electric 
has  been  making  relays 
LONGER  than  any 
other  manufacturer! 


THAN  ANY  OTHER 
MANUFACTURER! 


Relays  for  EVERY 

*  The  Automatic  Electric  line  of 
relays  includes  quick  and  delayed 
action  types,  sensitive  and  heavy 
duty  types,  mechanical  locking 


INDUSTRIAL  Need 

types,  polarized  relays,  etc.  Avail¬ 
able  with  any  contact  combination 
and  for  operation  on  D.  C.  or  A.  C. 
circuits  of  any  voltage. 


•  Write  for  complete  illustrated  catalog  of  relays,  stepping  switches,  electric  count¬ 
ers,  solenoids,  keys,  and  other  electrical  control  accessories.  Address  American 
Automatic  Electric  Sales  Company,  1033  W.  Van  Buren  St.,  Chicago. 


AITOMATICO  ElECTRIC 


MAKERS  OF  TELEPHONE  AND  SIGNALING  APPARATUS 
ELECTRIC.\L  ENGINEERS,  DESIGNERS  AND  CONSULTANTS 


CALLITE 


TUNGSTEN  -  MOLYBDENUM 

Grids  1 1 

Plates  I 

Cathodes  I 

Copper-clad 
Formed  Parts 
Hooks  and  Pigtails 
Trimet  Lead-in  Wire 
Tnngsten  Filament  Wire 
Molybdenum  Anchor  Wire  I 

Special  Filament  Springs  I 

Two  and  Three-Piece  Welds  for  Hard  and  Soft  Glass  j 

ij 

We  maintain  a  competent  staff  of  engineers  ever  j 

at  your  service  to  assist  you.  Write  for  additional 
information  and  let  us  help  you  with  your  problems.  | 


CALLITE  PRODUCTS  DIVISION 

I  f  /s/  fK  tiK  ii/ir  (OKPOH.i  I  ins 

544-  39th  bTREhT  UNION  CITY,  N.  J. 


secure  the  cooperation  between  phy¬ 
sicians  and  physicists  and  electrical 
engineers.  Not  only  has  an  effort 
been  made  to  obtain  cooperation  be¬ 
tween  medical  and  electrical  men, 
but,  with  the  beginning  of  the  19117- 
38  school  year,  the  Massachusetts  In¬ 
stitute  of  Technology  inaugurated  a 
new  course  on  biological  engineering 
which  gives  the  students  extensive 
training  in  physics,  chemistry,  bio¬ 
logy,  and  engineering.  It  is  antic¬ 
ipated  that  this  new  course  will  not 
only  prepare  students  for  graduate 
work  in  medicine  and  surgerj’,  hut 
will  prepare  them  to  fill  industrial 
positions  where  it  is  necessary  to  pay 
attention  to  the  health  and  comfort  of 
human  beings. 

Lltra  High  Frequenuy 
Oscillators 

A  COAXIAL  LINE  stabilized  oscillator 
that  is  easily  and  rapidly  adjustable 
only  the  frequency  range  of  from 
70  to  700  me.  per  second,  is  de.scribed 
by  W.  L.  Barrow  in  the  .June  issue 
of  the  Revifir  of  Scientific  Instrn- 
mentti.  Rugged  mechanical  con.struc- 
tion,  sub.stantially  completes  shield¬ 
ing  and  coaxial  line  output  connec¬ 
tions  are  features  of  this  oscillator 
which  has  a  power  output  of  .several 
watts  throughout  its  entire  frequen¬ 
cy  range.  For  be.st  stability  it  wjis 
found  necessary  to  tune  preci.sely 
both  element  leads,  and  to  provide 
high  Q  tank  circuits.  It  was  found 
that  the  frequency  stability  decreases 
as  the  frequency  increa.ses 

Electronic  Switching 

In  the  May  issue  of  Elect! ical  Eniii- 
njeering,  B.  E.  Sc*humard  has  an  ar¬ 
ticle  “Some  Electronic  Switching  Cir¬ 
cuits,”  in  which  it  is  shown  that  by 
means  of  electronic  devices,  circuits 
may  be  made  operative  or  inoperative 
by  a  change  of  polarity  or  magni¬ 
tude,  or  both.  Switching  by  means 
of  the  mechanically  operated  circuits 
is,  of  course,  a  more  familiar  type  of 
switching.  In  this  article,  a  number 
of  circuits  and  applications  are  given 
which  should  provide  a  foundation 
for  accomplishing  a  wide  variety  of 
switching  arrangements. 
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ARE  YOUR  SPECIFICATIONS 


Today,  when  keen-minded  equipment  buyers  make  exacting 
point-by-point  comparisons,  there's  a  big  point  in  favor  of  the 
equipment  which  has  Weston  instruments  standing  guard  at 
the  controls. 

Buyers  know  they’  will  benefit  wben  tbe  macbine  is  ^  ESTON 
equipped  at  this  vital  point.  They  know  that  ^  ESTON  depend- 
ahility  will  assure  a  true  check  on  operating  conditions  .  .  .  safe¬ 
guard  the  machine  against  inexact  operation  and  interruptions 
for  costly  servicing  .  .  .  constantly  protect  the  machine,  and  the 
work  the  machine  performs.  They  trust  a  machine  which  shows 
this  evidence  of  rigid  specifications  and  sound  engineering  sense. 

To  assist  you  in  obtaining  these  and  other  henefits  of  Vi  eston 
instrumentation,  the  services  of  the  eston  engineer  in  your 
vicinity  are  freely  offered.  Call  on  him  for  assistance  on  all 
instrument  prohlems,  or  write  direct  to  ...  Vi  eston  Electrical 
Instrument  Corporation,  618  Frelinghuysen  Ave.,  Newark,  N.  J. 


i/t  WESTONS 


A  wide  range  of  Weston  instru¬ 
ments  are  now  being  “built-in”  on 
machine  tools,  rectifiers,  welding 
machines,  radio  transmitters, alarm 
systems,  therapeutic  and  scientific 
apparatus,  and  wherever  a  close 
check  on  electrical  quantities  is 
vital  to  operation  and  control. 
There  is  also  a  Weston  instrument 
available  for  your  built-in  require¬ 
ments.  Let  us  send  full  details. 
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Control 

voltage 


doyv  tube  cathode 
1  1  ray  tube 


Glow  Discharge  Tube  Curves 

A  METHOD  for  determining  the  dyna¬ 
mic  current-voltage 


Self-Locking 
TILTING 
L  HEAD/ 


characteristic 
curves  of  glow  discharge  tubes  is  de¬ 
scribed  in  an  article  “Dynamic  Char¬ 
acteristics  of  Glow  Discharge  Tubes,” 
by  Reich  and  Depp  in  the  June  issue 
of  the  Journal  of  Applied  PlnjaicH.  \ 
Static  characteristic  curves  of  | 
glow  discharge  tubes  are  readily 
made  and  the  factors  which  deter-  j 
mine  the  form  of  these  curves  have 
been  satisfactorily  explained.  The 
static  curves  do  not,  however,  indi¬ 
cate  the  behavior  of  the  tubes  under 
dynamic  operating  conditions.  Be¬ 
cause  of  the  time  required  for  ioni¬ 
zation  and  deionization  to  take  place, 
the  voltage  under  changing  condi¬ 
tions  depends  not  only  upon  the  cur¬ 
rent  flowing  at  any  instant,  but  also 
upon  the  current  which  has  flowed 
previously  and  upon  the  rate  of 
change  of  current.  While  some  in- 
i  formation  regarding  the  dynamic  be¬ 
havior  of  glow  discharge  tubes  may 
be  determined  by  making  oscillogra¬ 
phic  studies  of  the  relation  between 
current  and  voltage  when  rela.xation 
j  oscillations  are  taking  place,  the 
:  authors  have  undertaken  to  study  the 
!  dynamic  characteristics  by 


Cannot  be 
Acoustically 
Overloaded 


Dual  Diaphragm 
Crystal  Microphone 


An  <»ut8iiindinK  achtevetneiil  in  mi«  r>i. 
phon«*  i  niiMlrui'tion  for  nl^ht  «  lub  aixl 
])ublir  adtirens  inHtallat  ions.  Maxiniuni 
aim  pi  i  Meat  ion  wit  li  out  foedbaick.  i  'ainnot 
be  acouslicaiUy  overbnulod.  Made  In  two 
models.  Mr-2  eonstrueteil  with  two  dual 
diapliragm  crystal  units  using  four  small 
diaphragms.  Ml’-t  uses  four  dual  <lia 
phragm  crystal  units  and  eight  dit- 
phragms.  Hlack  aiul  chrome.  tNirnplctc 
with  three -prong  interchangeable  b»ck 
ing  conne<  tor  and  25-ft  cable. 


List  Prices 


MODEL 


MODEL  1252  VACUUM 

TUBE  VOLTMETER 


Astatic  Microphone  Laboratory,  Inc 

Dept.  A-4,  Youngstown,  Ohio 

Licensed  Under  Brush  Development  Co.  Patents 


Has  an  Outstanding  Patented  Cir¬ 
cuit  Recommended  by  the  Best 
Laboratories  and  Technicians 

Tube  on  Cable  .  .  .  Particularly 
Desirable  for  High  Frequency 
Work  .  .  .  Ranges:  3-15-75-300 


using  a 

technique  and  circuit  in  which  the 
current  varies  with  time  under  con¬ 
trolled  conditions.  This  is  accom¬ 
plished  by  the  use  of  a  vacuum  tube 
to  limit  the  current  passed  by  the 
glow  tube.  A  schematic  wiring  dia¬ 
gram  of  the  basic  circuit  is  shown 
in  Fig.  1. 


JAGABI" 

^  RHEOSTATS 

•  SMOOTH 

•  POSITIVE 

•  RUGGED 

•  DURABLE 


This  model  is  self-calibrating,  same  as  other 
Triplett  _  Vacuum  Tube  Voltmeters,  the  self- 
calibrating  feature  being  automatic  with  the 
highly  developed  tube  bridge  circuit.  It  has 
the  exclusive  feature  for  indicating  above, 
below  and  at  the  null  point.  The'  initial  opera¬ 
tion  of  adjusting  the  bridge  at  the  zero  level 
cancels  out  error  independent  of  the  tube 
emission  values  or  when  replacing  tubes. 
Model  1252  is  furnished  with  the  exclusive 
Triplett  tilting  type  twin  instrument.  One 
instrument  indicates  when  bridge  is  in  bal¬ 
ance — the  other  is  direct  reading  in  peak 
volts.  Furnished  complete  with  all  necessary 
accessories  including  1-84,  I-5P5,  1-75.  Case  Is 
metal  with  black  wrinkle  finish.  Etched  panel 
is  silver  and  red  on  black.  DEALER  PRICE, 
$48.33. 

Model  1251  same  as  1252  but  with  test  tube 
located  inside  case.  .  .  .  DEALER  PRICE, 
$47.67. 

Model  1250  same  as  1251  except  ranges  are 
2.5,  10,  50  volts.  DEALER  PRICE,  $36.67. 


Fig.  1 — Shematic  wiring  diagram  oi 
cathode  ray  tube  circuit  for  deter¬ 
mining  the  dynamic  characteristics 
of  glow  discharge  tubes 

The  glow  tube,  whose  characteris¬ 
tics  are  to  be  studied,  in  series  with 
a  power  pentode,  is  connected  to  a 
source  of  voltage  considerably  high¬ 
er  than  the  ignition  voltage  of  the 
tube.  The  pentode  acts  as  a  high  re¬ 
sistance  load,  the  magnitude  of  which 
may  be  controlled,  within  limits,  to 
any  desired  value  by  means  of  the 
voltage  applied  to  the  control  grid. 


A  Jaqiibi 
Switenboard 
Typ«  Rnroslat 


For  fine  adjustment  and  control  of 
electric  current,  Jogabi  Sliding- 
Contact  Porcelain  Tube  Rheostats  have 
been,  for  many  years,  first  choice  oi 
engineers  and  research  workers  in 
many  fields.  Stock  sises,  types  and  rat¬ 
ings  for  most  requirements.  Special 
Rheostats  if  you  need  them.  Write  lor 
descriptive  Bulletin  1515-E. 


The  Triplett  Electrical  Initrument  Co. 

238  Harmon  Dr.,  Bluffton.  Dhio 
^leaxf  send  me  more  information  on 

□  .M(Hlel  1252 :  □  Model  1251 

n  .Mmlel  12511. 


JAMES  G^BIDDLE  CO. 


Name 


Addre- 


ELECTRICAL 


Pniladupmia.  Pa. 


1211-15  Arcm  Street 


state. 
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GOOD  INSULATION  ! 


I™  ORMICA  offers  good  service  on  insulating  parts  be- 
■  cause  it  has  one  of  the  largest  equipments  in  the  in¬ 
dustry  for  producing  laminated  insulating  sheet,  and  also 
for  machining  it  to  your  dimensions.  Twenty-five  years  of 
concentrating  on  just  one  product  has  provided  grades 
and  variants  suitable  for  any  requirement.  Careful  labora¬ 
tory  control  of  manufacturing  processes  assures  high  qual¬ 
ity  and  uniformity.  Send  us  your  blue  prints  for  quotations. 

THE  FORMICA  INSULATION  COMPANY 
4638  Spring  Grove  Ave.  •  Cincinnati,  O. 
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LEACH  (LR)  relays 


With  this  arran)fement,  the  manner 
in  which  the  current  varies  with 
time  can  be  made  to  conform  to  any 
desired  wave  form.  As  shown  in  the 
diagram,  the  voltage  across  the  dis¬ 
charge  tube  is  applied  to  one  set  of 
deflecting  plates  of  a  cathode  ray  os¬ 
cilloscope,  whereas  the  second  set  of 
plates  of  the  oscilloscope  are  connect¬ 
ed  across  a  resistance  in  .series  with  a 
discharge  tube.  The  image  tract 
formed  on  the  cathode  ray  tube 
.screen  is  a  dynamic  curve  showing 
the  relation  between  the  current  and 
the  voltage  across  the  tube. 

In  preliminary  exi)eriments  with 
glow  di.scharge  tubes  of  various  sizes 
and  makes,  it  was  found  that  the 
characteristics  of  all  of  the  tubes 
tried  were  sutliciently  similar  so  that 
a  study  of  one  type  of  tul)e  would 
provide  u.seful  information  concern¬ 
ing  all  tubes.  Accordingly,  e.xperi- 
ments  were  confined  to  an  early  form 
of  type  874  voltage  regulator  tube 
containing  argon  and  to  the  two  watt 
neon  filled  glow  tubes  manufactured 
by  the  General  Electric  Company. 
Dynamic  characteristics  of  both  of 
these  tubes  for  frequencies  ranging 
from  60  to  8,000  cycles  per  second, 
and  operated  at  constant  current,  rre 
given  by  the  authors.  Static  as  veil 
as  dynamic  characteristics  are  given. 

The  most  outstanding  feature of 
the  characteristics  observed  by  the 
authors  are  summarized  from  their 
paper  as  follows: 

1.  VV'hen  the  current  rises  abruptly, 
the  ignition  potential  is  considerably 
higher  than  the  static  ignition  poten¬ 
tial. 

j  2.  When  the  current  is  decrea.-<ed 
abruptly,  it  does  not  follow’  the  .static 
characteri.stic  but  follows  a  slightly 
curved  line  to  the  origin. 

3.  When  the  current  rises  abrupt¬ 
ly,  or.  in  any  ca.se,  when  the  frecpien- 
cy  is  high,  the  portion  of  the  charac¬ 
teristic  corresponding  to  increasing 
current  lies  to  the  right  of  the  static 
characteristics. 

4.  The  ignition  potential  falls  with 
an  increa.se  of  frequency  of  the  cur- 

,  rent  wave  and  with  an  increase  of 
I  current  amplitude. 

5.  The  characteristics  obtained 
j  with  gradually  increasing  current  ap¬ 
pear  to  indicate  that  if  the  current 

:  should  be  held  constant  after  igni¬ 
tion,  at  the  value  prevailing  at  the 
time  of  ignition,  the  voltage  would 
fall  abruptly  to  a  value  not  greatly 
in  excess  of  the  static  extinction  po- 
I  tential. 


QUALITY-BUILT 

ANTENNA  COUPLING  EQUIPMENT 

By  JOHNSON  . 


IV  ttP  your  Antenna  Coupling  Kquipment  of 
the  same  standard  of  quality  as  your  transmit¬ 
ters  !  Equipment  of  this  kind  is  built  by  John¬ 
son  for  praaically  any  type  of  antenna  and 
transmitter  line — for  directional  antenna  arrays, 
— for  use  with  two  transmitters  and  a  single  an¬ 
tenna  and  for  many  other  antenna  combinations. 


A  LL  parts  used  in  these  Antenna  Couplers  are 
of  the  same  hi^h  quality  identified  with  other 
Johnson  products, — the  same  precision-built  in¬ 
ductors.  fixed  and  variable  condensers  and  other 
Johnson  parts  are  assembled  and  mounted  in  a 
sturdy,  weather-proof  cabinet  with  a  protective 
inner  door. 


OHNSON  equipment  is 


_  -T— r _  —  fully  ftnaranteed,  de¬ 
signed  according  to  the  latest  engineering  prac¬ 
tice  and  ctimplies  with  FCC  rules  and  regula¬ 
tions. 


X  OL'K  engineers  or  consultants  will  find  this 
organization  glad  to  cooperate  in  supplying  your 
exaa  requirements.  Write  for  Catalog  JOll) 
covering  Antenna  Coupling  equipment  and  other 
Johnson  produas. 


E.  F.  JOHNSON 


WASECA.  MINN, 


Many  stations  find  this  exact  measuring  serv-  ^Wnpl  C 
ice  of  great  value  for  routine  observation  of 
transmitter  performance  and  for  accurately 
calibrating  their  own  monitors. 

MEASUREMENTS  WHEN  YOU  NEED  THEM  MOST 
at  any  hour  every  day  in  the  year 

R.C.A.  COMMUNICATIONS.  Inc. 

Commercial  Dept. 

A  RADIO  CORPORATION  OF  AMERICA  SERVICE 

6  BROAD  STREET  NEW  YORK,  N.  Y, 


you  can  depend  upon  their 


OPERATING  RELIABILITY 


Leach  small  size  circuit  control  relay, 
type  D57  is  a  compact,  rugged  and 
reliable  control  relay  ideal  for  your  con- 
trol  circuit.  These  relays  have  solid 
cores,  positive  contact  and  low  current 
consumption — built  so  that  you  can  de- 
upon 

Vo^  ^  LEACH  RELAY  COMPANY 

1357  5915  Avalon  Boulevard  LOS  AN6ELES.  CALIF 

15  E.  26th  St..  New  York  Clfv 

LEACH  RELAY  COMPANY,  5915  Avalon  Boulevard,  Los  Angeles,  Calif. 

Please  send  your  catalog.  I  am  Interested  In . type  relay. 

Name  . 

Company  . 

Address . City  . 
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■VCJ) 


Amplifier 


The  ultimate  in  Radiation^ 
WILBUR  B.  DRIVER  CO. 

NEWARK,  NEW  JERSEY 


Measiireiiieiit  of 
Small  Voltages 

Electronic  apparatus  for  measur¬ 
ing  direct  current  potentials  smaller 
than  20  microvolts  with  an  accuracy 
of  10  “  volt  is  described  by  I.  Amdur 
and  H.  Pearlman  in  the  June  issue 
of  the  Review  of  Scientific  Inxtrn- 
ments,  under  the  title  “Potentio- 
metric  Measurements  of  Extremely 
Small  Voltages.” 

As  shown  in  the  diagram,  the  null 


Cinaudagraph  permanent  magnet 
speakers  need  no  special  introduc¬ 
tion.  America's  foremost  engineers 
in  radio  and  sound  long  recognized 
the  precision  engineering  and  su¬ 
perior  workmanship  of  these  speak¬ 
ers.  Now  YOU  can 
enjoy  Cinauda- 
graph's  famed 
true-f idelity  per- 
formance  at  no  ox- 
^  \ tra  cost.  For  today, 

i  j  I  these  speakers  are 

m  c  o  m  p  e  t  iti  V  sly 
priced.  Complete 
-  >r  dotalls  on  requett. 


9  Users  oi  condensers  are  now 
offered  a  more  critical  and  conclu¬ 
sive  yardstick  of  condenser  qual¬ 
ity,  in  the  AERO  VOX  Capacity 
and  Resistance  Bridge.  Combines, 
in  a  single,  portable  instrument, 
the  following: 

CAPACITY  BRIDGE 

Measures  capacity  100  mmid.  (.0001) — 100 
mid.  in  6  ranges;  leakage;  power  factor 
to  50%,  etc.  of  condensers  under  actual 
working  conditions. 

RESISTANCE  BRIDGE 

Measures  resistance  values  oi  resistors 
and  electrical  equipment  end  circuits. 

10  ohms  to  1  megohm  in  S  ranges. 

INSULATION  RESISTANCE 
Measures  this  important  factor  in  con¬ 
densers  and  other  devices.  Meter  cali¬ 
brated  directly  in  megohms.  Reads  up  to 
10,000  megohms. 

VACUUM-TUBE  VOLTMETER 
Consists  of  amplifier  stage  and  gridleak 
detector.  Measures  minute  values  0 — 2 
volts. 

PRECISION  METERS 

Voltmeter,  also  for  external  uses,  provides 
0 — 60,  0 — -300  and  (1 — 600  v.  meter  at  1000 
ohms  per  volt.  Also  a  60  mv.  at  60  ohms 
milU-voltmeter;  and  milliommeter  0 — 6 
ma.,  0 — 60  ma. 

VARIABLE  POWER  SUPPLY 
Available  directly  at  terminals.  IS  to  600 
volts  continuously  variable  over  entire 
range. 


Phototube  circuit  for  determining 
magnitude  of  small  voltages 

method  is  used.  The  potential  to  be 
measured  is  applied  across  a  shielded 
galvanometer  which  retlects  a  light 
beam  from  the  original  .source  to  the 
two  phototubes  where,  the  deflection 
of  the  galvanometer  is  effectively  am¬ 
plified.  The  deflection  of  the  galva¬ 
nometer  is  balanced  out  by  an  auxi¬ 
liary  circuit  and  the  voltage  drop 
produced  by  the  balancing  current 
passing  through  a  known  resistance 
is  measured  by  means  of  a  potentio¬ 
meter,  The  potentiometrically  meas. 
ured  drop  is  related  to  the  unknown 
potential  under  measurement.  The 
amplifier  used  in  connection  wdth  the 
phototube  is  a  negative  feedback  de¬ 
vice  similar  to  that  described  by 
Vance  in  the  Review  of  Scientific  In¬ 
struments  for  July,  1936. 


Your  local  AEROVOX  jobber  can  show 
you  this  indispensable  instrument.  Or 
write  us  direct  for  descriptive  litera¬ 
ture. 


Operating  Characteristics  i 
of  Power  Tubes  1 

Under  the  title  “The  Operating 
Characteristics  of  Power  Tubes,”  E. 
L.  Chaffee  describes  in  the  July  Jour¬ 
nal  of  Applied  Physics  a  new  method 
of  calculating  the  performance  of  a 
power  tube  from  a  set  of  static 
curves.  A  60-cycle  test  method  is  also 
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BUSINESS  WITH  US 

isn’t  Lad  cU  all! 


New  business  —  that's  what  we  get  for  our  advertisers  —  and  as  a  consequence  we  get 
a  sizeable  amount  for  ourselves.  In  the  last  year  (through  June)  fifty-four  new  adver¬ 
tisers  joined  with  the  long-time  advertisers  in  realizing  the  sales  and  research  value  of 

ELECTRONICS. 

In  spite  of  curtailed  advertising  budgets, 

ELECTRONICS  shows  an  increase  of  1.4%  ^ 

in  advertising  space  used  in  that  period.  The 
circulation  keeps  right  on  with  its  steady  in- 
crease,  too,  12.1%  (at  $5.00  a  head,  mind 

you)  over  the  previous  twelve  months' period.  \  i  _  j 

And  \. 

ELECTRONICS  keeps  going  forward  be¬ 
cause  advertisers  realize  that  it  is  the  only 

medium  which  can  penetrate  into  design,  research  and  production  headquarters  of  the 
electronic  arts  and  come  up  with  orders.  The  market  research  value  of  ELECTRONICS 
actually  increases  In  importance  during  quiet  periods  of  business,  because  that's  when 
new  designs  are  made  and  when  engineers  and  research  men  scan  this  magazine  for 
new  products  and  new  ideas  that  will  soon  go  into  the  production  line. 

Regardless  of  the  speed  of  business,  the  cycle  in  the  electronic  field  starts  up  rapidly  in 
September.  Your  sales  message  in  that  issue  is  a  reminder  to  buyers  that  you're  ready 
to  sell. 


electronics 


radio.sotmd.comiiHinications.indiislrMlapfitKations 
^  of  et<ctron  tubes  ■■  design,  wgiiwnng.manufacture 

330  WEST  4Z««  STMCCT 

NEWYORIC.N.Y. 


GOAT  RADIO  TUBE  PARTS 

(A  DIVISION  OF  THE  FRED  GOAT  CO.,  EST.  1893) 

314  DEAN  ST.,  BROOKLYN,  N.  Y. 


briefly  outlined  and  the  re.sults  ot' 
the  new  method  compared  and  di.s- 
cu.s.-^ed.  The  eflfecta  of  secondary 
emisision  from  the  plate  and  ^rid  and 
primary  emission  from  the  Krid  on 
the  perfoimance  of  the  tub?  are  di.<- 
cu.-!sed  in  an  appendix. 


GOOD  SETS 

J^iade'Better 


Leading  set  manufacturers 
cooperated  In  creating  the 
design  for  the  new  improved 
1100  series  Goat  Form  Fitting 
Tube  Shields.  They  are  made 
for  every  type  of  radio  set  .  .  . 
and  are  contributing  their  share 
towards  the  greater  superiority 
of  1939  sets  over  all  previous 
models. 

Send  for  Bulletin  TS-5,  samples 
and  prices. 

FEATURES: 

sturdy  Conitruction  Magnetic  Shielding 
Greater  Stability  Eaay  Assembly 

Improved  Grounding  Space  Saving 

Complete  Shielding  Beaded  Top 

Better  Appearance  Economy 


A  NKW  CIRCUIT  which  has  aitpliia- 
tions  for  operating  hi^h  six-cd  cl»r- 
tric  counters  by  jra.seous  triodes  is 
described  by  \V.  H.  Pickering,  in  his 
article  “A  Circuit  for  the  Rapid  ex¬ 
tinction  of  the  Arc  in  a  Thyratron” 
appearing  in  the  June  issue  of  the 
RtriiW  of  Scifiititir  I  list  riini(  iits.  .Nn 
auxiliary  contacts  are  necessary,  and 
the  circuit  resets  itself  in  a  perind 
which  is  so  short  that  most  counter.; 
will  operate  near  their  maximum 
speed.  The  circuit  thus  has  the  ;  d- 
vanta^re  that  it  utilizes  the  relay  ac¬ 
tion  of  the  >ras  tube  to  operate  with 
a  very  short  initiating  impulse,  and 
yet  does  not  invol. e  any  auxiliary 
relays  or  contacts  to  open  the  are 
circuit  after  the  count  hius  been  regis¬ 
tered. 

The  basic  principle  underlyinK'  the 
operation  of  this  circuit,  shown  in 


THE  NEW  IMFROVED 
1100  SERIES  GOAT 
FORM-FiniNG 
TUBE  SHIELD 


kJust  off  the  press! 

m  New  Products!  New  Prices! 


Your  files  of  radio  communication  components 
will  not  be  up  to  date  without  a  copy  of 
the  1938  Bliley  Catalog  which  describes  the 
line  of  Bliley  Crystals,  Holders  and  Ovens  for 
all  frequencies  from  20kc.  to  30mc. 

Of  special  interest  are  the  high  frequency 
crystal  units,  types  M02  and  M03,  for  fre¬ 
quencies  above  7500kc.  Designed  to  provide 
greater  stability  and  reliability  under  severe 
conditions,  they  are  particularly  adapted  for 
mobile  and  portable  application-:. 

Write  for  your  copy  today — just  ask  for 
Bulletin  GIO. 


the  fijrure,  is  that  if  the  grid  of  a  gas 
tube  is  strongly  negative  with  res|K‘it 
to  the  cathode,  and  if  the  current 
through  the  tube  is  small,  the  grid 
will  regain  control  and  extinguish 
the  arc.  The  operation  of  the  cir¬ 
cuit  now  becomes  clerr;  the  grid 
receives  a  positive  pulse.  An  are 
is  established  and  a  current  thovs 
through  the  counter,  and  the  re-;i.st- 
ance  Ri  and  the  condenser  C.  This 
flow's  long  enough  to  operate  the 
counter.  The  condenser  C  now  be¬ 
comes  charged  to  practically  the  full 
plate  voltage,  and  the  arc  current 
drops  to  a  value  determined  by  A’., 
Rj  and  the  resistance  of  the  counter. 
The  cathode  is  now  at  a  high  posi¬ 
tive  potential  with  respect  to  the 
grid  and  thus  the  condition  for  the 
extinction  of  the  arc  is  obtained. 
After  this  occurs,  the  condenser  C 
discharges  through  R^  and  the  cir¬ 
cuit  is  ready  to  operate  again. 


BLILEY  ELECTRIC  CO 


WAXES  •  COMPOUNDS  •  VARNISHES 
for  ELECTRICAL  INSULATION 


Zophar  offers  prompt  service  on  Insulating  Compounds  for 
a  wide  variety  of  electrical  applications,  including: 

.  .  .  Insulation  for  CONDENSERS,  TRANSFORMERS,  COILS,  power 
.  .  .  Insulation  for  CONDENSERS,  TRANSFORMERS.  COILS,  power 
packs,  pot  heads,  sockets,  wiring  devices,  wet  and  dry  batteries,  etc. 
Also  WAX  SATURATORS  for  braided  wire  and  tape.  WAXES  for 
radio  parts. 


ZOPHAR  MILLS  INC 


Brooklyn,  N.  Y 

FOUNDED  1846 
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Practical 

Remote  Amplifiers 

(Continued  front  ]taf/c  25) 


output  imjKMlances,  to  eliminate  line 
retlK-tion.  The  main  control  varies 
the  jrain  in  steps  of  2  db.  from  0^0 
(11).  The  volume  indicator  can  be  at¬ 
tenuated  from  minus  10  db  to  plus 
6  (lb.  also  in  steps  of  2  db. 

The  lar^^er  amplifier,  a  front  view 
of  which  is  shown  in  Fijr.  1,  has  a 


One  oi  the  amplifiers  at  WBNY 
for  remote  pick-up  service 


two-pole,  three-way  switch  in  the  fila¬ 
ment  circuit,  which  allows  the  tech¬ 
nician  to  select  any  one  of  the  three 


filament  supplies,  i.e. ;  external  bat¬ 
tery  connected  by  polarized  plujr  in 
rear,  internal  battery,  u.sed  only  in 
emerjfencies  or  on  pickups  of  short 
duration,  or  heater  supply  from  ex¬ 
ternal  power  pack.  The  third  fila¬ 
ment  supply  can  be  switched  in  only 
when  usinjf  an  a-c  power  supply,  con- 
nectinjr  by  a  four  pole  receptacle.  In 
this  case,  the  switch  puts  a-c  on  the 
filaments.  The  internal  batteries 
have  saved  a  lot  of  .sore  muscles  on 
short  pickups  where  ordinarily  two 
heavy  units  would  have  to  be  lu)rKt*d 
for  operation. 

This  amplifier  can  lie  built  for  a 
cost  slightly  over  eighty  dollars.  For 
the  amateur  or  public  address  opera¬ 
tor  man,  who  would  have  need  for  a 
hi^rh  Kiiin  voltage  amplifier  and  not 
nece.s.sarily  need  the  mixing  channels 
or  volume  indicator,  it  can  be  con¬ 
structed  for  much  less,  since  these 
two  big  items  make  up  about  half  the 
cost  of  the  amplifier. 


What’s  New  in  Sets 

(Continued  from  page  13) 


“B.O."  which  means  “beat  o.scillator” 
and  not  what  you  might  think. 

The  Mfusterpiece  VI  contains  a  vol¬ 
ume  expander  circuit,  covers  fre¬ 
quencies  as  high  as  70  Me,  delivers  34 
''’atts.  has  a  feedback  amplifier,  two 
AVCsy.stems  and  in  general  seems 
to  be  the  an.swer  to  the  deluxe  lis¬ 
teners’  praver. 

The  "'merson  line  for  the  new  .sea¬ 
son  will  include  a  $19.95  radio  phono- 
ffraph  combination.  Its  dimensions 
are  71  in.  by  8?  in.  by  103  in.  A 
built-in  antenna  makes  this  minia¬ 
ture  combination  truly  portable.  A 
battery  operated  (2  volts)  portable 
superhet  is  eejuipped  with  an  extra 
antenna  roll.  Using  tw'o  No.  6 
drycells  and  three  45-volt  B  bat¬ 
teries,  250  hours  of  service  may  be 
expected.  Emerson  sets  continue  to 
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u.se  the  “miracle  tone  chamber”  in¬ 
troduced  in  June,  a  device  to  reduce 
the  beam  effect  at  the  higher  audio 
frtHjuencies.  In  a  walloping  large 
radio-phonograph,  known  as  the  Aris¬ 
tocrat  ( 15  tubes,  15  watts,  $750)  vol¬ 
ume  expansion  is  used,  known  as  the 
“.symphonizer.” 

Almost  by  the  time  these  lines  are 
being  read,  the  secret  about  Philco’s 
mystery  box  will  be  out  and  copies 
will  be  well  on  the  way.  Jealously 
guarded  have  been  its  inner  work¬ 
ings.  In  demonstration,  several  re¬ 
ceivers,  each  .sympathetic  to  the 
output  of  a  single  remote  tuning 
box  respond  when  that  remote  unit 
is  adjusted  and  not  to  any  other. 
Convincing  demonstrations  are  be¬ 
ing  made  over  the  country.  Much 
speculation  exists  as  to  the  attitude 


of  the  FCC  on  this  device  which 
must  radiate  to  produce  results.  Its 
radius  of  activity  is  limited  to  100 
feet;  there  is  no  danger  of  unwanted 
control  of  sets  other  than  the  one 
to  which  the  tuning  unit  is  adjust¬ 
ed — such  are  Philco’s  claims.  On 
or  about  August  15th,  dealers  over 
the  country  will  have  models,  but 
until  that  date  each  mystery  box  is 
carefully  put  to  bed  each  night  sur¬ 
rounded  by  all  the  Philco  brass  hats. 


Cardio- 

tachometer 

(Continued  from  page  IT) 

in.serting  a  moderate  amount  of  re¬ 
sistance  in  series  with  each  condenser 
(juantities  of  electricity  of  adequate 
magnitude  may  be  handled  without 
incurring  any  risk  of  fusing  the  con¬ 
tacts.  In  fact,  there  is  no  evidence  of 
sparking.  This  is  a  feature  of  the  ut¬ 
most  importance  with  in.struments 
which  may  be  u.sed  in  operating 
rooms.  It  is  recommended  that  if 
mechanical  relays  are  included  the  in¬ 
strument  be  not  in  close  proximity  to 
the  operating  table. 

With  this  circuit,  provided  the  con¬ 
densers  are  of  good  quality,  the  cali¬ 
bration  of  the  instrument  is  linear 
within  the  accuracy  of  the  meter 
.scale.  The  voltage  regulator  tube, 
GIO,  plays  an  additional  role  here  in 
that  it  provides  a  source  of  charging 
potential  which  is  constant  and  thus 
gives  the  instrument  a  permanent 
calibration.  With  150  volts  charging 
potential  and  condensers  of  1  micro¬ 
farad  capacitance  the  current  at  full 
.scale,  or  at  200  beats  per  minute,  is 
0.5  milliamperes. 

Mech a n i ca /  A rra nge m ent 

The  arrangement  and  mounting  of 
the  circuit  elements  is  shown  in  Fig¬ 
ure  5.  The  only  precautions  which  need 
be  ob.served  are  to  keep  the  low  level 
stages  as  far  as  possible  from  the  power 
supply  coils.  .Although  the  low  signal 
frequencies  reduce  difficulties  resulting 
from  wiring  pick-up  this  is  somewhat 
offset  by  the  high  gain.  It  is  therefore 
desirable  to  observe  the  usual  rules  as  to 
grounding  and  as  to  keeping  wires  short. 

For  an  instrument  designed  primarily 
for  operating  room  use  the  first  three 
stages  might  well  be  mounted  sepa¬ 
rately.  This  would  permit  the  power 
supply  and  the  counting  circuit  to  be 
kept  outside  of  the  operating  room 
entirely. 
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THE  INDUSTRY  IN  REVIEW 


NewS' 


The  Annual  Report  of  April  30,  1938, 
of  the  National  Union  Radio  Corpora¬ 
tion  and  its  subsidiaries  shows  a  net 
loss  of  $59,196.80,  before  a  special 
charge  covering  the  writeoff  of  invest¬ 
ment  in  and  advances  to  an  affiliated 
company  considered  worthless  amount¬ 
ing  to  $36,934.52.  Depreciation  in  the 
amount  of  $71,804.05,  figured  on  the 
same  basis  and  at  the  same  rates  as  for 
the  fiscal  year  ended  April  30,  1938,  has 
been  charged  against  operations,  and 
deducted  from  income  in  arriving  at  the 
net  loss  shown.  The  radio  tube  busi¬ 
ness  was  considerably  under  normal  for 
the  year  according  to  the  report. 

•f  Dr.  E.  F.  W.  Alexanderson,  radio  in¬ 
ventor  and  consulting  engineer  of  the 
General  Elec.  Co.,  has  been  awarded  the 
honorary  degree  of  doctor  of  philosophy 
“in  absentia”  by  the  Royal  University 
of  Uppsala,  Sweden. 

Two  other  Americans  of  Swedish 
descent  were  also  honored  by  the  uni¬ 
versity,  Prof.  Amandus  Johnson  of  Phil¬ 
adelphia  and  Prof.  C.  M.  Stephenson  of 
Minneapolis.  The  degrees  were  con¬ 
ferred  by  the  university  in  recognition 
of  the  Swedish  cultural  work  that  had 
been  done  in  America  by  these  three 
men. 

There  has  been  recently  established 
in  Toronto,  Can.,  an  organization  de¬ 
signed  to  assist  industrial  companies  to 
overcome  difficulties  or  develop  new  and 
improved  products.  The  Canadian  Re¬ 
search  Institute,  located  at  709  Spadina 
Ave.,  has  divisions  devoted  to  chemical, 
electrical  and  mechanical  work,  and  spe¬ 
cialize  particularly  in  the  design  and 
fabrication  of  laboratory  and  industrial 
equipment  for  testing  and  manufactur¬ 
ing  along  lines  slightly  out  of  the  ordi¬ 
nary.  The  Director  is  R.  S.  Soanes. 

•f  The  Society  for  the  Promotion  of  En¬ 
gineering  Education  recently  presented 
the  Lamme  Medal  to  Robert  Lemuel 
Sackett,  dean  of  the  school  of  engineer¬ 
ing  at  Pennsylvania  State  College  from 
1915  to  1937. 

•♦•Station  WGAL,  located  in  Lancaster, 
Pa.,  on  July  1,  joined  the  National 
Broadcasting  Company  as  its  153rd  af¬ 
filiate. 

•f  For  the  purpose  of  testing  the  effi¬ 
cacy  of  duplex  transmission  and  re¬ 
ception  of  regular  broadcast  and  fac¬ 
simile  programs  on  a  single  channel. 
Finch  Telecommunications,  New  York 
City,  has  announced  that  its  duplex 
transmitter,  call  letters  W2XBF,  is  the 
first  to  be  licensed  by  the  FCC. 
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•♦  Electronic  Laboratories,  Inc.,  of  In¬ 
dianapolis  sold  its  Auto  Radio  Re¬ 
placements  Vibrator  Div.  to  the  Meiss¬ 
ner  Mfg.  Co.  of  Mt.  Carmel,  Ill.,  and 
will  concentrate  on  the  production  and 
sale  of  heavy  duty  vibrators,  converters, 
and  power  supplies  for  all  types  of 
applications. 

•♦  Radio  Engineering  Labs,  Long  Island 
City,  N.  Y.,  signed  an  agreement  with 
AT&T  permitting  them  to  continue  with 
the  development  and  manufacture  of 
two-way  communication  equipment.  In 
addition  to  police  and  fire  radio.  Radio 
Engineering  Labs  is  also  licensed  to 
build  radio  telephone  sets  for  use  on 
aircraft,  and  radio  telephone  or  radio 
telegraph  sets  for  use  on  ships  and 
boats  of  all  kinds. 

•♦  Edward  F.  McGrady  was  elected  a 
vice  president  of  RC.\  at  a  regular 
meeting  of  the  Board  of  Directors  on 
June  24th. 

•♦•  Resinox  Corporation  has  moved  to  17 
Battery  Place  from  230  Pai^k  .\venue. 
New  York  City. 


In  his  high  voltage  laboratory,  Mr.  1‘. 
L.  Bella.schi,  research  engineer  of  We.-t- 
inghouse  bested  nature’s  record  by  .send¬ 
ing  his  quarter  millionth  successful  re¬ 
production  of  a  natural  lightning  stroke 
crashing  into  a  transmission  pole  with 
a  pressure  of  more  than  3,000,000  volt-. 

•♦  Malcolm  P.  Han.son,  Navy’s  aircraft 
radio  expert,  left  Government  Service 
to  become  vice-president  of  Radio  Navi¬ 
gational  Instrument  Corp.,  in  New  Ytu  k. 

♦■  .\s.sociatcd  Research,  Inc.,  with  quar¬ 
ters  at  16  N.  .May  St.,  has  lx*come  allil- 
iated  with  the  J.  W.  Murphy  Co.,  131 
S.  Dearborn  St.,  Chicago.  .Associated 
Research  will  continue  to  devote  its  ef¬ 
forts  to  the  repair  and  testing  of  all 
types  of  electrical  indicating,  recording, 
and  controlling  instruments,  including 
thermometers  and  pyrometers,  to  load 
sui’veys  in  indu.strial  plants  and  the  de¬ 
sign  and  manufacture  of  special  testing 
equipment  for  industrial  concerns.  The 
J.  W.  Murphy  organization  will  continue 
to  specialize  in  the  sale  of  new  meter¬ 
ing  eijuipment,  power  plant  measuring 
devices  and  combustion  control. 


50,000  VOLTS  ON  TEST 


Tests  being  conducted  on  an  oil-filled  bombarder  built  by 
Thordarson  for  laboratory  use  with  X-ray  equipment.  It  is  a 
ZV*  KVA,  110-220  Tolt  primary.  50,000  volt  secondary  bombarder 
with  separate  reactor  to  vary  secondary  voltage  from  25,000  V. 
to  50,000  V.  in  5,000  volt  steps 
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Literature  —  ■■■  ■ 

Transmitting  Equipment.  Catalog  301 
lists  and  describes  ecjuipment  for  broad¬ 
cast  and  commercial  radio.  E.  K.  John¬ 
son  Co.,  Waseca,  Minn. 

Volume  Level  Indicators.  Pamphlet  also 
includes  useful  technical  db  data.  Cir¬ 
cular  R-IOOG-A.  Weston  Electrical  In¬ 
strument  Corp.,  Newark,  N.  J. 

1038  t'atalo);.  42-i)aKes.  Lists  the  prod¬ 
ucts  of  Meissner  Mf^.  Co.,  .Mt.  Carmel, 
Ill. 

Monel  "The  Third  Essential”  is  a  book¬ 
let  outlining  the  use  of  monel  for  me¬ 
chanical  accuracy.  .Also  available  is 
“Nickel  Cast  Iron  Data,”  a  Kuide  to  en- 
gineerinK  specifications  for  prey  cast 
iron.  International  Nickel  Co.,  Inc..  <57 
Wall  St.,  New  A’ork. 

Radio  Electrical  .Apparatus.  Catalop  No. 
939  includes  inductance-capacity  chart 
and  de.scribes  a  number  of  products  of 
F.  W.  Sickles  Co.,  300  .Main  St.,  Sprinp- 
field,  Mass. 

Microphones.  1939  microphones  and  also 
sound  recordinp  equipment  listed  in  two 
separate  booklets.  Universal  Micro¬ 
phone  Co.,  Ltd.,  Inplewood,  Cal. 

Resistors.  .And  other  products  are  listed 
in  Bulletin  140.  Shallcross  Mfp.  Co..  10 
Jackson  .Ave.,  Collinpdale,  Pa. 

Condensers.  Five  colors  are  used  in  No. 
9-S  catalop  which  includes  new  line  of 
Minicap  dry  electrolytic  condensers  and 
also  new  CC  analyzer.  Ratinp  data  and 
illustrations.  Solar  Mfp.  Corp.,  599 
Broadway,  New  A'ork. 

Controls.  Thyratron  resistance-welder 
controls  describe<l  and  KV’A  ratinps  of 
ij^itron  tubes  piven.  Bulletin  GEA- 
2791  A.  General  Electric  Co.,  Schenec¬ 
tady,  N.  Y. 

Electron-ray  Tube.  Application  note  on 
operation  of  the  GAFG-G.  RCA  .Mfp. 
Co.,  Harrison,  N.  J. 

Radio  (  oils  and  .Allied  Products.  Cata¬ 
lop  No.  39.  32-pape  book  pivinp  circuit 
diaprams,  prices,  descriptions.  J.  W. 
Miller  Co.,  5917  S.  Main  St.,  Los  An¬ 
geles,  Cal. 

Graphic  Instruments.  “Solvinp  Indus¬ 
trial  Crimes”  Case  No.  19  describes  in¬ 
struments  for  improvinp  research,  de¬ 
sign,  tests  and  operation  in  industry. 
Esterline-Anpus  Co.,  Indianapolis,  Ind. 

^Mdcast  Transmitters.  Folder  on  20H- 
20J  improv'ed  1000-watt  broadcast  trans¬ 
mitters.  Collins  Radio  Co.,  Cedar  Rap¬ 
ids,  Iowa. 

Handb<N>k  of  Amateur  Tube  Uses.  Listed 
last  month  with  no  mention  that  the 
book  costs  50c.  Raytheon  Production 
Corp.,  55  Chapel  St.,  Newton,  Mass. 
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RADIATORS 


Radio  Products.  Bulletin  No.  280  pives 
complete  information  on  various  prod¬ 
ucts  of  National  Company,  Inc.,  01 
Sherman  St.,  Malden,  Mass. 


Radio  Servicinp  (iuide.  No.  342-C,  32- 
pape  manual  pives  many  helpful  serv¬ 
icinp  and  constructional  hints.  Price 
15c.  Other  free  catalopues  available 
are:  .Amplifier  Catalopue  No.  000-(’, 
which  illustrates  six  models  with  out¬ 
puts  ranpinp  from  8  to  60  watts;  a 
booklet  of  radio  and  amplifier  trans¬ 
formers,  chokes,  etc.,  covers  each  item 
with  complete  electrical  characteris¬ 
tics,  prices,  etc.;  Bulletin  SI)-378  de¬ 
scribes  foundation  units  for:  band- 
switchinp  transmitter.  OLC)  plate  modu¬ 
lator  and  speech  amplifier.  Thordarson 
Electric  Mfp.  Co.,  .500  W.  Huron,  Chi- 
capo,  Ill. 


TransmittiiiK  Tubes.  Bulletin  No.  TT- 
100  lists  various  types  of  air-cooled 
ty|)c  tubes.  .Also  Bulletin  1275B  which 
pives  characteristic  chart  and  socket 
connections  for  receivinp  tubes.  RCA 
Manufacturinp  Co..  Harrison,  N.  J. 


Pumps.  No.  38-1)  is  a  well  edited,  pro¬ 
fusely  illustrated,  well  printed  catalop 
on  hiph  vacuum  pumps  pivinp  data  on 
units  from  10  cu.  ft.  to  225  cu.  ft. 
capacity  and  in  vacuum  ranpes  from 
around  28  in.  up  to  within  a  few 
microns.  Vacuum  practice  in  the  elec¬ 
trical  field  is  described,  and  types  of 
equipment  are  illustrated.  F'.  J.  Stokes 
Machine  Co.,  Olney,  P.  O.,  Philadelphia. 
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.\udi«>  and  Power  Components.  T-Line 
catalop  of  amateur  transmitter  and  pub¬ 
lic  address  systems.  Kenyon  Trans¬ 
former  Co.,  840  Barry  St.,  New  A’ork. 


Today  it's  Lingo 

for  the  utmost  iti 
A  uteumi  txTfornuime 


Electrical  .Measurements.  Lists  and  de¬ 
.scribes  precision  electrical  instruments 
of  Sensitive  Research  Instrument  Corp., 
4545  Bronx  Blvd.,  New  York. 


#  l.iiipo  has  introduced  new  standards 
for  Vertical  Radiators.  From  Installa¬ 
tions  already  made,  and  from  field  tests 
conducted  hy  outslandinp  authorities, 
come  remarkable  facts  of  superior  per¬ 
formance.  Linpo  Tubular  Radiators 
offer  a  new  hiph  in  efficiency  never  be¬ 
fore  altain<*d  hy  any  other  type  of 
antenna.  We'll  be  plad  to  show  you 
r«>mpletc  cost  and  performance  charts 
without  oblipation. 

Engineers — urite  today  for 
your  free  copy — “New  Stand¬ 
ards  for  Vertical  Radiators” 

Be  nure  to  read  this  interesting  story. 
Mail  your  request  note  and  be  sure  to 
state  location,  frequency  and  power  of 
station. 


Reflexed  Loud  Speakers.  Bulletin  issued 
by  University  Laboratories,  191  Canal 
Street,  New  A'ork. 


Silverstat  Repulators.  Designed  for  au¬ 
tomatic  voltape  control  of  small  a-c  and 
d-c  generators.  12-page  illustrated 
pamphlet,  Catalop  Section  31-260.  West- 
inghouse  Electric  &  Mfp.  Co.,  E.  Pitts¬ 
burgh,  Pa. 


Symb«>I  Chart.  For  engineers  and  archi¬ 
tects  249  drafting  symbols  have  been 
assembled  in  a  single  chart,  known  as 
"2E.”  Frederick  Post  Co.,  Box  803, 
Chicago. 


JOHN  E.  LINGO  &  SON,  INC. 
Dept.  E8,  Camden,  N.  J. 


Television  Picture  Tube.  5-in.  deflection, 
Type  2005  Videotron.  In  addition  to 
data  relating  to  this  tube,  practical  tel¬ 
evision  receiver  circuits  are  described 
and  illustrated  with  a  complete  listing 
of  the  necessary  parts  for  constructon. 


Also,  complete  information  is  piven  in 
another  bulletin  on  Type  2203  Mono- 
tron,  a  3-in.  electrostatic  deflection  pic¬ 
ture  signal  generator  tube.  National 
Union  Radio  Corp.,  Newark,  N.  J. 
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DuMONT 


NEW  LABORATORY 

OSCILLOGRAPH 


The  Type  169  Nine  Inch  Laboratory  Oscil¬ 
lograph  was  designed  to  meet  the  require¬ 
ments  of  the  research  wo.ker  for  a 
p.-ecision  oscillograph  oi  many  applications. 
The  new  instrument  incorporates  many 
advanced  and  exclusive  features  oi  design. 


Features 

•  Du  Men!  Type  94-8-H  nine  inch  Cathode  Ray 
Tube  with  vastly  improved  uniformity  oi 
focus  over  entire  screen  area. 

•  High  intensity  of  trace — 3000  volt  Cathode 
Ray  Tube  Power  Supply  permits  studies 
with  long  persistence  screens. 

•  Exclusive  Du  Mont  single  sweep  circuit 
greatly  aids  the  study  oi  transient  phe¬ 
nomena. 


•  Linear  frequency  response  as  low  at  3  cycles  per  second. 

•  Push-pull  symmetrical  deflection  oi  Cathode  Ray  Tube  including  Du  Mont  wave 
expanding  feature. 

•  Linear  sweep  frequency  range  4 — 30,000  cycles  per  second. 

•  Separate  grid  modulation  amplifier  allows  simultaneous  writing  and  timing  of 

transients. 


•  Beam  Switch  greatly  facilitates  photography. 

•  Controlled  re'um  trace  elimination. 

•  Convenient  Direct  connection  to  all  four  deflection  plates. 

Write  For  Complete  Specifications 

ALLEN  B.  DU  MONT  LABORATORIES,  INC. 

_  .  Cable  Address: 

PASSAIC  WESPEXLIN,  NEW  YORK  NEW  JERSEY 


A  NEW  STUDIO  RECORDER 


RADIOTONE  PR-20 


As  slreamllned  in  action  as  appearance, 
the  RADIOTONE  PR-20  allows  every 
changeover  at  the  flick  of  a  Anger — in¬ 
side-out  to  outside-in,  change  f.  om  78 
to  33  I  3  RPM,  lines-per-inch  from  90  to 
125.  Line-Spreader,  and  micrometer  ad¬ 
justment  of  cutting-head  are  extra  values. 
The  PR-20  is  vibration-free  and  "wow"- 
free,  because  of  heavy  construction,  spe¬ 
cially-balanced  synchronous  motor,  and 
live-rubber  drive.  This  16-inch  Studio 
Recorder  offers  the  maximum  of  operat¬ 
ing-ease  plus  unbelievable  Adelity,  at  a 
moderate  price. 

Write  for  complete  information  on 
4  RADIOTONE  PR-20;  or  if  you  are  . 

^  intMrMstftd  in  portable  or  coftso'a  ^ 

modtis,  mtntion  that,  tool 

Radiotone,  Inc. 

7354  Melrose  Ave.,  Hollywood,  Cal. 

420  N.  Michigan  Blvd.,  Chicago,  III. 


TYPE  R  Non-Inductive 
faeilifafe  DECADE  and 
OTHER  ASSEMBLIES 


Midgets  in  size  but  high  in  quality  and  ac¬ 
curacy.  Diam.  i/j"  x  7/14"  long.  Accuracy 
1%.  Available  in  a  resistance  range  from  I 
to  500,000  Ohms.  Standard  mounting  with 
center  hole  to  clear  4/32"  screw.  Designed 
for  mounting  by  their  terminals,  making  them 
adaptable  for  meter  multipliers,  decade  and 
bridge  assemblies.  Small  size  recommends 
them  for  other  uses.  Accuracy  of  l/IO  of  1% 
available  at  slight  extra  cost. 

Write  for  catalog  and  prices  of  Microhm 
PRECISION  AND  WIRE  WOUND  RESISTORS. 

PRECISION  RESISTOR  CO. 

332  Badger  Avenue 
NEWARK  NEW  JERSEY 


New  Products 


New  Tubes 

Ken-Rad:  Models  7000  and  7700  use¬ 
ful  in  applications  where  the  elimina¬ 
tion  of  hum  and  microphonics  is  impor¬ 
tant.  Electrical  charactertistics  are 
similar  to  types  6C<>  and  0J7. 

Sylvania:  Type  900  hif^h  vacuum 
cathode  ray  picture  tube  suitable  for 
use  in  small  television  receivers,  etc.  It 
has  a  3  inch  screen. 

RCA:  Type  1019  for  transmittintj 
beam  power  amplifier.  Delivering  20 
watts  at  45  Me  Class  C;  35  watts  in 
push-pull  AB.  Type  1852  and  1853  tel¬ 
evision  amplifier  pentodes  of  hijih  mu¬ 
tual  conductance  and  type  832,  a  push 
pull,  R-F  beam  power  amplifier  useful 
at  ultra  hisrh  frequencies. 

Raytheon:  Types  1A5G,  lA7tl. 

1C5G,  1H5G,  1N5G,  OADOG,  OAEOG, 
OAFOG,  and  4A0G. 

National  Union:  Monoti-on,  Type 
2203,  a  3  inch  electrostatic  deflection 
type  picture  sif^nal  generator  tuln- 
Videotron,  type  2005,  a  5  inch  electro¬ 
static  deflection  type  television  picture 
tube. 


Huiiibaiui  Switebes 

To  PROVIDE  AMATEl’RS  with  a  convenient 
method  of  transmitter  band  switching. 
Mallory-Yaxley’s  new’  “HamBand”  of¬ 
fers  several  features:  Low-loss  impreg¬ 
nated  magnesium-silicate  ceramic  insul¬ 
ation;  heavy  silver  plating  on  all  cur¬ 
rent  carrying  parts  insuring  permanent 
low  resistance;  convenient  contact  spac¬ 
ing  permitting  short,  direct  leads;  con¬ 
tinuous  rotation.  Switch  can  be  mounteil 


I  in  any  position.  Design  provides  a 
smooth  wiping  action,  keeping  the  con¬ 
tacts  bright  and  clean  without  cutting 
away  the  silver. 

A  new  line  of  dry  disc  rectifiers  for 
I  servicemen,  amateurs  and  experinient- 
I  ers  have  also  been  announced.  Types 
are  available  for  outputs  from  1  to  20 
volts,  and  i  to  20  amps.  Higher  outputs 
i  may  be  obtained  by  series  or  parallel 
'  connectirn. 
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Klu‘<»stut 

Sake  oi'KKation  at  25  watts  dawn  to  25 
percent  of  full  rotation  with  a  tem¬ 
perature  rise  of  IfiO”  is  possible  w’ith 
the  new  IRC  all  metal  25  watt  rheo¬ 
stats  (International  Resistance  Co.), 
Philadelphia.  These  rheostats  have  a 
(lie  cast  aluminum  ease.  The  resist¬ 
ance  element  is  a  low'  temperature, 
coetlicient  wire  wound  on  a  strip  of 
heat  di.ssipatinjr  aluminum  core  insu¬ 
lated  by  asbestos. 


1R('  also  announced  an  attenuator. 
Type  .4-21,  which  features  a  unitjue 
switchinjr  mechanism.  Instead  of  the 
usual  stud  type  switch,  this  unit  utilizes 
a  molded  motor  commutator  with  con¬ 
ducting  segments  of  polished,  hard- 
lirawn  copper  molded  in  phenolic.  This 
new  design  with  a  multi-finger  berry- 
lium  copp€»r  contact,  which  operates  in¬ 
dependently,  and  a  flat,  spiral  spring 
connector  will  maintain  its  initial  low- 
noise  level  of — 150  db  in  service. 

Kiiiiiiiii^  Time  Meter 

Driven  by  a  slow  speed,  self  starting 
synchronous  motor  with  enclosed  gear 
train  operating  in  oil,  this  unit  which 
employs  a  5  dial  counter  will  automati¬ 
cally  register  the  operating  time  of  the 
circuit,  apparatus  or  system  to  which  it 
is  connected.  Types  for  registering  total 
hours  and  tenths  of  hours,  or  total  min¬ 
utes  and  tenths  of  minutes  are  available 
from  R.  \V.  Cramer  &  (\).,  07  Irving 
Place.  New  York. 

Kiulio  Cable 

Stability  I’nder  all  weather  condi¬ 
tions,  a  new  type  of  insulation  with  ex¬ 
tremely  high  "Q"  and  low  capacity,  and 
u  weather-proof  braid  are  character¬ 
istics  of  the  new  cable  of  Ijenz  Electric 
Mfg.  Co.,  Chicago.  .\ny  number  of  con¬ 
ductor.';  may  be  used,  including  r-f  and 
control  leads. 

Multiple  Reoortliii^  Unit 

An  achikvement  in  instantaneous  re¬ 
cording  is  this  multiple  unit  which  com- 
oines  a  recorder,  an  electric  phono- 
Ifraph,  a  radio  and  a  public  address 
s.vstem  is  announced  by  Federal  Re¬ 
corder  ( ((.,  177,0  Broadway,  New  York, 
t  operates  on  110  or  220  volts  00  cycles. 
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Rrsiistors 

\  NEW  SERIES  of  Erie  resistors  has  the 
leads  in  line  with  the  axis  of  the  body. 
They  are  identical  in  construction  with 
the  Erie  insulated  resistors  without  the 
insulated  sleeve.  The  tinned  copper 
wire  and  metal  cap  assembly  is  rigidly 
attached  to  each  end  of  the  unit  by  a 
special  process. 


Atteiitiiator 

Tyi’E  T-.‘{;10  for  use  as  mixing  cr  master 
gain  control  in  broadcast  speech  input 
e<iuipment,  public  address  systems, 
sound  recording  studios  and  sound  pro¬ 
jection  systems. 

This  unit  made  by  The  Daven  Com¬ 
pany,  1.58  Summit  ,St.,  Newark,  N.  J., 
is  a  .50  step  “T”  pad  with  physical  di¬ 
mensions  of  2il  in.  overall  diameter,  and 
a  back-of-panel  depth  of  2i«  in.  Inser¬ 
tion  loss,  zero;  accuracy  of  calibration 
is  within  5';  at  any  or  all  .steps, 
measured  at  1,000  cycles;  no  frequency 
iliscrimination  over  the  range  of  ‘10  to 
17,000  cycles;  the  standard  range  of 
control  is  tapered  from  IJ  db  to  a  total 
loss  of  PO  db  on  the  next  to  the  last 
step  and  approximately  128  db  on  the 
last  contact. 


Hand  Turlioiiieter 


Now.  .Choose 
the  Unit  that 
Fits  the  Job.. 


ExrEElUNr.LY  wide  range  of  speed  with 
only  three  tachometer  ranges  accom¬ 
plished  by  allowing  the  pointer  to  make 
two  turns  around  the  dial  for  each 


★  "PINCOR"  offcri  tha  only  complate 
lina  of  "B"  powar  supply  aquipmant 
lor  polica  units,  aircraft  and  radio 
broadcast  sarvica  and  sound  systams. 
Availabla  In  a  wida  ranga  of  framas,  sizas 
and  capacitias  to  fit  any  particular  ra- 
quiremant. 

★  "PINCOR"  dynamotors  ara  tha  last 
word  in  afficiancy  and  regulation. 
Deliver  high  voltage  currant  for  proper 
operation  of  your  apparatus  with  a  mini¬ 
mum  of  A.C.  ripple.  These  units  will  give 
years  of  smooth,  quiet,  satisfactory  sar¬ 
vica.  They  ara  compact,  light  weight. 
Availabla  with  or  without  filter. 


range  instead  of  only  one  is  the  main  j 
feature  of  this  new  ".lagabi”  universal  j 
unit  of  .Jas.  G.  Biddle  Co.,  1211  Arch  St.,  | 
Philadelphia.  Bulletin  1575  describes  | 
the  unit.  | 

Generator 

A  PORTABLE  POWER  supply  suitable  for 
PA  systems,  radio  communication,  etc., 
has  been  developed  by  U.  W.  Onan  & 
Sons,  Minneapolis.  The  lightest  model 
weighs  71  lbs.  net  and  delivers  600 
watts  at  115  volts.  A  pneumatic-tired  I 
dolly  is  available  for  moving  these  port¬ 
able  plants  around  with  greater  ease. 


NEW  CATALOGUE  FREE 

S*nd  for  th*  latast  "PINCOR"  dynamotor 
calalogua  and  data  shaats  which  includas 
dascription  of  tha  naw  typas,  "PS," 
"CS,"  and  "TS"  dynamotors.  Mall  cou¬ 
pon  balow. 

PIONEIR  i;EI|.E-M0r0R  CORPORATION 


466  W.  SUPERIOR  ST..  CHICAGO.  ILL. 
Export  Addrrw:  25  Warren  St..  N.  Y..  N.  Y. 
Cable;  Simontriee,  New  York 


PIONEER  GEN-E-MOTOR  CORPORATION 
Dept.  R-4-H.  466  West  Superior  Street.  Chicago.  Illinois 
Without  obliRation  kindly  send  me  "PINCOR”  Silver 
Band  Dynamotor  catalogue  and  data  sheets. 

Name  . 

Addrcs-s  . 

City  .  State  . 
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Voltmeters 

Portable  mllti-kange  Model  433  a-c 
voltmeters  with  improved  temiierature 
compensation  are  now  beinj;  offered  by 
the  Weston  Electrical  Instrument 
Corp.  The  improvement  will  Ik*  of  par¬ 
ticular  benefit  in  field  test  work  where 
temperatures  ranjrin}!  from  -20  detr.  to 
120  deg:.  E.  may  be  encountered. 


Professional 

Services 


Rheostat 


ERE  DEMANDS 


A  223  W.4TT,  Model  P  unit  has  been  add¬ 
ed  to  the  Ohmite  (48:5.3  W.  Flournoy 
St.,  ChicaKo)  line  of  vitreous  enameled 
rheostats  which  may  be  secured  in 


ELECTRICAL  TESTING 
LABORATORIES 


Cliamcteristlcs  itjil 
l.iff  'I'lHlg  (;/  I'llf'MMni  Tubtg 
»  (if  photo  Cflli,  rIout  ImnpH,  crater  laiiipr 
Testa  of  electronic  and  optical  derIces 
''lull  strict  mill  l-.a^i  Einl  .\vciiiic 
New  York.  N.  Y 
I'hiiiie:  llutlrrllrld  S  2i;i>n 


AMERICAN  CONSULTING  ENGINEERS  TO 
FOREIGN  MANUFACTURERS 

liesiRiis  .  . .  Sperlllratlons 

Klcctrolytlcs  ...  .  Tubet  ....  Ueslators 

rran'inlltcrs  ........  .  KecclTer' 

6J0  Fifth  Avenue  New  York.  N.  V. 

Cable: — Intereiigln,  New  York 


HAROLD  j.  McCreary 

Mem.  A.I.K.K.  &  W.S.K. 

Consulting  Engineer 

Itesearcli  l.lcctriimci 

Keicloiimeiit  Televlaion 

ileslKn  Itadio 

Kartory  I’ractlae  It.illniad  SlRnalliu 

I'ateiit  Studies  Telcphnny 

IDS  W.  Adami  St.  Phone  ST  Ate  4003  Chicago.  Ill 


single  or  tandem  assemblies.  Cages 
can  be  furnished  if  desired.  These  rheo¬ 
stats  are  novc  available  in  several  mod¬ 
els  handling  from  25  up  to  1000  watts. 


(•().\si:lt.\nts  and  designers 

IncludlnR 

.Aiiipllllera— Antennas  Tranainitters 
llecelrers—  I.«boratiiry  Eiiulpnient 
Special  eiiuipinent  deslened  and  ronstructe  l 
lITi  West  IStli  Street,  New  York.  N  Y 
Tel.  IlHyant  i)  fiH'JH 


Recorder 


LAMINATED  AND 
MOLDED  PLASTIC 


A  RECORDEK  for  dictation,  recortling 
telephone  and  verbal  orders  as  well  as 
conversations,  conferences,  etc.,  using 
blank  or  developed  film  8  or  16  mm.  is 
available  from  Miles  Reproducer,  Inc., 
812  Broadway,  New  York  City.  It  re¬ 
produces  immediately  after  recording 
without  processing.  By  means  of  an 
electro  mechanical  head  with  sapphire 
point,  sound  tracks  are  visibly  in¬ 
dented  into  the  film.  They  may  be 
played  back  two  thousand  times  and 
80  minutes  of  dictation  may  he  idaced 
on  100  feet  of  16  mm.  film,  costing 
80c.  Model  D  is  equipped  with  micro¬ 
phone,  amplifier,  headphone,  etc. 


DOMESTIC  SECTION 

<  Iftpiiirtit  Kiiuiiit'i'is  of  Ratlio 

ApparatiK  and  ('oiniNiiiri  N 
r-s  and  roiivtiiiciors  ot  S|ie<‘ial  Kip 
lAMlMtiatnr> 

-yn  Mawr  Ave.  Chicago. 

Telephone — Longbeach  3163 — 3164 


Every  day  the  increas¬ 
ing  use  of  INSUROK 
for  electrical  requirements 
gives  further  proof  of  the 
superiority  of  this  Rich¬ 
ardson  plastic,  and  its 
adaptability  to  countless 
products  and  insulating 
needs.  Your  own  interests 
can  be  most  profitably 
served  by  standardizing 
on  INSUROK,  the  supe¬ 
rior  plastic,  thus  adding 
its  own  value  to  the  ex¬ 
cellence  of  your  product. 


FOREIGN  SECTION 
Eiiiiiiiii-iliiii  liitiii'iiiuliiiii  SiMvinli.'i'  vtiil 
<  iinniltatilH. 

oiiiliMr  lailmialiirv  at  DiMMisal  ol  fllilit' 
lilt  llailli)  ItiHvIvi-r  I'harai'li-risltrs  Availalili' 
Sale'.  I’ali'iit.  anil  I.Iiviim'  Ni'pitialiim 
Iiiti'iiiiiillarU's. 

Bryn  Mawr  Ave.  Chicago.  Illlnoit.  U  S  A 
Cab'e  Addreu— RORADLAB  CHICAGO 


Industrial  Socket 

A  NEW  HEAVY  DUTY  Wafer  socket  is  de¬ 
signed  by  Hammarlund  Mfg.  Co.  espe¬ 
cially  for  use  in  sound  equipment  and 
other  similar  ap))aratus  where  a  great 
many  tube  changes  cau.se  socket  failure. 
Featuring  two-piece  construction,  this 
socket  is  built  of  low  loss  natural  color 
bakelized  canvas.  Contacts  are  heavy, 
non-corrosive  metal  reinforced  with 
sturdy  steel  clamps  to  insure  perfect 
electrical  contact  and  long  life. 


in  the  field  of  Electronic  devices  may 
be  found  through  enlisting  the  service' 
of  the  C'onsiiltants  whose  cards  appear 
on  this  page. 

This  is  a  highly  specialized  field  ami 
specialists  are  therefore  better  able 
to  undertake  the  rapid  development' 
necessary  to  keep  in  step  with  modern 
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'riirn  Tiible 

SriTABLK  FOR  radio-phonojjiaphs,  pho¬ 
nographs  and  play-hack  units  is  the 
“Kven  Speed”  motor  developed  by  Al¬ 
liance  Mfti-  Alliance,  Ohio.  The 

motor  design  is  such  as  to  allow  free 
ventilation  and  cool  operation  and 


maintenance  of  proper  s|M‘ed  rejraid- 
less  of  variations  in  line  voltajre  or 
operating  temperature.  Turntable  and 
motor  (110  volt — 00  cycles)  furnished 
complete  with  ft.  cord  and  rubber 
spools  for  mounting.  .Available  with 
10  oi’  12  in.  turntable. 

Ca»ii<leiisers 

Onk  ok  thk  imfoktant  (jualities  of  the 
.\tkins  A-  Brown  Co.,  2ir>  14th  St.,  Oak¬ 
land,  Cal.,  .A&B  type  condensers  is  their 
short  length  for  the  capacity  and  plate 
spacinjr  involved,  made  j)ossible  by 
mountinjr  tbe  two  stator  swtions  oppo¬ 
site  each  other  across  the  shaft.  .A  com¬ 
pact  00'  construction  makes  possible  the 
eliminatittn  of  the  rear  end  plate  and  as¬ 
suring  lower  minimum  capacities.  The 
condensers  may  be  mounted  directly  to 
the  panel  at  a  suitable  heijjbt  in  rejrard 
to  the  tube  elements,  or  they  may  be 
mounted  vertically  on  the  sub-panel. 


M^nal  Goiierutors 

.Mokki.s  it  anp  is  of  Hickok  Electrical 
Instruments,  Cleveland,  have  five  out¬ 
put  selections:  fre<)uency  modulated  r-f 
output,  amplitude  modulated  r-f  output, 
unmodulated  r-f  output,  100  to  10,000 
cycles  continuously  variable  a-f  output, 
and  400  cycle  fixed  audio  output.  .All 
rantres  are  controlled  by  output  atten¬ 
uator.  Both  models  provide  .synchonized 
horizontal  sweep  voltage  for  oscillo¬ 
graph  and  the  frequency  modulated  out¬ 
put  (ItO  kc  sweep)  is  available  over 
entire  range  of  signal  generator  for 
visual  alignment  and  trouble  shooting, 
and  is  automatically  disconnected  when 
using  amplitude  modulation. 

Rt'lay 

'' akp  Leonarp  Electric,  Mt.  Vernon. 

Y.  announces  a  new  Break-In  or 
Push-to-Talk  relay  especially  suitable 
on  ‘phone  transmitters  where  the  opera¬ 
tor  merely  presses  a  button  while  trans- 
ntitting  and  releases  while  receiving. 
There  are  two  types,  each  having  4 
poles.  The  types  are  heavy  duty  and 
l^tidget,  both  using  Micalex  insulation 
in  their  construction. 


Doherly  Transmitter  j 

.A  o-KW  RAPio  broadcast  transmitter  j 
on  circuits  which  won  its  inventor  the 
I.  R.  E.  Morris  Liebman  Memorial 
.Award.  It  raises  the  efficiency  of  the 
power  amplifier  stage  approximately 
100',  thus  effecting  a  saving  in  power 
and  a  leduction  in  plate  dissipation. 
.A-(’  oj)erated  its  output  power  is  .T.OOO 
watts  and  may  be  changed  to  either 
2, .TOO  watts  or  1,000  watts  by  means  of 
a  push-button,  (’onnections  are  pro¬ 
vided  for  cathode  ray  oscillograph  in 
all  important  circuits.  Western  h^lectric 
also  announce  that  it  is  designed  to  ac¬ 
commodate  expansions  to  10,  .TO  or  .TOO 
kw  bv  the  aildition  of  units  available. 


(Irystal  I  nit 

With  a  crystai-  ground  .so  that  it  can 
be  made  to  oscillate  at  either  100  or  1000 
kc  by  placing  the  proper  tank  in  the 
circuit,  type  ,'s.MClOO,  standard  fre- 
(piency  unit.  Bliley  Electric  Co.,  Erie, 
I’a.,  is  dual-fre(|Uency  mounted  for 
use  in  secondary  standards  of  fre- 
(piency.  ('alibration  accuracy  is  0.01' i 
at  100  kc,  and  O.O.T' <  at  1000  kc  and  can 
be  ai)i)lied  to  any  conventional  oscillator 


Compressed 

Nitrogen  174 

Condenser  hi 


inn 

^‘opreae  gaskets 

^O'ona  shields 


gap 

'"’'eased  break. 

valtage 


I 
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circuit.  .A  Oh'O  tube  is  used  with  a 
screen-grid  .serving  as  the  tuned  plate 
of  a  triode  crystal  oscillator.  Output 
is  obtained  by  electronic  coupling  be¬ 
tween  the  o.scillating  portion  of  the  cir¬ 
cuit  and  the  plate  circuit  of  the  tube, 
and  is  rich  in  harmonics.  Usable  fre- 
tiuencies  can  be  obtained  up  to  20,000 
kc  from  100  kc  and  up  to  00,000  kc  from 
1000  kc. 


SoMer 

.A.n  increase  in  tensile  strength 
amounting  to  33' c  is  an  important 
characteristic  of  “Hi-Tensile”  solder 
made  by  the  National  Cable  &  Metal 
Co.,  1727  Standard  Ave.,  Glendale, 
Cal.  Other  characteri.stics  are:  Low 
melting  point  which  means  that  less 
heat  is  required  to  flow  and  to  sweat 
these  solders;  good  bonding  ability, 
and  increased  conductivity  for  elec¬ 
trical  jobs.  They  are  also  cleaner  to 
work  with  and  may  be  purchased  in 
bar,  pig  or  plain  wire  form. 


RATINGS;  (at  1  me.) 
PEAK  VOLTS  40,000 
R.M.S.  AMPERES  80 


0;,He»ntz  »ho  Kaufman  (0 

SAN  FIANCISCO  U.  S  A 


SIGMA  RELAY 


TYPE  2-A 

•  i  to  12  milliwatt  operation 

•  Single  pole,  double  throw  contact 
circuit 

•  Handles  ISO  watts  non-inductive  load 
at  110  volts  A.C. 

•  Field  resistances  100  to  8,000  ohms 

•  Plug-in  mounting  in  standard  tuba 
socket. 

In  similar  construction.  Sigma  r:lay  type 
2-B  operates  at  4  milliwatts  to  con'rol  £0 
watts  nan-inductive  load 
Write  for  data  sheet  giving  detailed  infor¬ 
mation. 

SIGMA  INSTRUMENTS.  Inc. 

388  Trapelo  Road 

BELMONT  MASS  ACHUSE  ITS 
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ALLIED 


"CLEEN  CUT" 

_ RECORDING  BLANKS 

Meet  the  Critical  Requirements  of  Professional  Recording.  A  GOOD 
BLANK  IS  THE  FOUNDATION  OF  GOOD  RECORDING. 


Flexo  Wax  C  introduced  recently  by 
Glyco  Products  Co.,  148  Lafayette  St., 
New  York,  has  the  property  of  beinp 
sticky  or  adhesive  and  can  be  used  on 
trlass  or  metals.  It  is  amorphous  or  non- 
crystalline  and  will  blend  easily  with 
resins,  oils  and  other  waxes  and  can  be 
used  for  coatings  or  laminated  work  of 
all  kinds. 


Cable  Address:  Allrecord 


PROMPT  DELIVERIES 

Our  new  enlarged  manufacturing  facilities  permit  us  to 
fill  and  ship  all  blank  orders  the  same  day  of  receipt  of 


Also  manufacturers  of  quality  fixed  and  port¬ 
able  recording  equipment.  Write  for  8  page 
bulletin,  Fine  Points  in  Recordinq", 


ALLIED  RECORDING 
PRODUCTS  COMPANY 

126  W.  46th  St. 

New  York  City 

Phone:  Bryant  9-143S 


^'ffitONTROi 


ENCLOSED  RELAYS 

That  Operate  in  Any  Position 

'Available  in  Power,  Vacuum  Tube 
and  Radio  Frequency  Types. 

Especially  adaptable  for  mobile, 
marine,  aircraft  and  po-  r— ^  j 
lice  installations.  AC  and 
DC. 

ALLIED  CONTROL  CO..  INC.  [fE§l _ 


95  Liberty  SL 


As  businett  paper  pub- 
Ushers  tor  over  Utty 
years,  McGraw-Hill  is  uniquely  equipped  to 
oiier  complete,  authoritative  direct  maU  cov- 
eroqe  oi  Iqdust^'s  maior  markets.  Extreme 
accuracy  is  maintained  (guaranteed  to  98%) 
and  through  careiul  analysis  oi  markets, 
complete  classiiication  oi  companies  and  per¬ 
sonnel,  etc.,  the  widest  possible  selections 
arc  ovailoble.  Send  ior  handy  reierence 
iolder,  "Hundreds  oi  Thousands  oi  Reasons 
Why"  which  describes  how  McGraw-HiU  Lists 
are  buUt  and  maintained. 

What  Fields  Do  You  Want  to  Reach? 

Aviation 

Bus  &  Electric  Railways 
CivU  Engineering  and  Construction 


New  York.  N.  Y. 


Electrical  Dealers  &  Wholesalers 
MUl  Supply  Hotues 
Power  Services 
Product  Engineering  &  Design 
Production  and  Maintenance 
Radio  Dealers  &  Wholesalers 
Radio  Engineering  &  Design 

Eor  furthsr  dstalli,  telecfiont  from 
above  basic  classiScations,  counts, 
prices,  etc.,  or  estimates  on  special  lists 
.  .  ask  any  representative  or  write  to 


IV\(GRAW-HILl  PUBLISHING  CO 


Relay 

Twin-latch  relays  known  a.s  Type  L 
have  been  released  by  (l-M  Laboratories 
Inc.,  Chicago.  The  relay  consists  of 
two  coils  and  two  hinged  armatures 
each  of  which  carries  a  latch  arm.  The 


Complst,  Lists  Ceveiing  Industry's  Mslor  Markets 


latched  arms  interlock,  thereby  mechan¬ 
ically  holding  one  armature  in  the  ener¬ 
gized  position  until  the  other  armature 
operates. 


Late  News 

Sprague  announces  silver  mica  condens¬ 
ers  in  4  sizes  and  in  capacity  from  5  to 
500  mfd.  Also  a  plug-in  type  noise 
filter  .  .  A  non-skid  screw  driver  is 
announced  by  the  Bridgeport  Hardware 
Mfg.  Corp.,  of  Bridgeport,  Conn,  which 
is  particularly  useful  for  radio  mechan¬ 
ics  ...  A  thermostatic  controlled  stand 
for  maintaining  constant  temperature 
of  electric  soldering  iron  is  a  new  item 
of  the  Electric  Soldering  Co.,  Inc., 
Deep  River,  Conn.  ...  A  30-watt  port¬ 
able  sound  unit  with  remote  control  and 
remote  mixing  is  available  ■'  rom  Opera- 
dio.  It  is  known  as  Model  425-GG  .  .  . 
Clarostat  has  a  complete  listing  of  in¬ 
terchangeable  tube  type  resistors  in 
wall  chart  form  .  .  .  G.E.  announces  a 
new  photoelectric  control  for  removing 
skew  from  cotton  cloth.  Also  a  new 
high  voltage  power  fuse  known  as  Type 
EJ-1  de.scribed  at  the  A I  EE,  Washing¬ 
ton,  June  23  .  .  .  Received  from  Spauld¬ 
ing  F'ibre  Co.,  a  booklet  on  recent  test 
specifications  issued  by  the  ASTM  cov¬ 
ering  phenolic  sheet  for  use  in  radio 
application  .  .  .  Recent  bulletins  on 
electrical  measuring  instruments  are 
from  Weston:  Panel  Instruments,  In¬ 
dustrial  Control  Relays,  Test  Equip¬ 
ment,  Contact  Making  Instruments  and 
Illumination  Control  Relays  .  .  .  Bul¬ 
letins  on  Rotary  Switches  and  3-in.  sq- 
flush  Mounting  Panel  Instruments  from 


AdmiaUtrativ*  Ex*cuiiv*t 


Roller-Smith  Co. 
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